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PREFACE  TO  FIFTH  EDITION 

It  seems  hardly  possible  to  the  author  that  a  quarter 
3f  a  centurj'  has  elapsed  since  tlie  appearance  of  tlie  first 
^lion  of  this  work  in  1894.  Perhaps  in  no  other  branch 
ol  mwliciiie  or  surgery  have  more  advances  been  made  tlian 
in  Otology.  Successive  editions  of  this  work  have  appeared 
from  time  to  time,  it  having  been  the  purpose  of  the  author, 
as  well  as  of  the  publisliers,  to  keep  the  work  fully  al>reast 
with  the  advance  of  modem  medicine  and  surgerj".  Since 
the  appearance  of  the  last  edition  so  much  advance  has 
been  made  in  diseiLses  of  the  labyrinth,  and  the  great  imixir- 
tdkicc  of  labyrinthine  lesions  has  been  so  fully  recognized 
that  it  has  seemed  necessary  to  elaborate  upon  this  portion 
of  the  work.  For  this  reason  an  entirely  new  chapter  on  the 
functional  testing  of  the  sUUic  labyrinth  has  lieen  added. 
This  chapter  has  been  fully  illustrated  by  line  drawings,  and 
it  is  the  hoi^c  of  the  author  that  this  additional  chapter  may 
be  of  great  practical  value  to  his  readers.  The  chapter  on 
specific  inflammation  of  the  labyrinth  has  also  been  practi- 
cally rewritten,  so  as  to  give  the  readers  the  advantages  of 
the  latest  methods  of  treatment. 

One  plate  has  been  added,  but  aside  from  this  the  body 
of  the  work  rt:mains  essentially  the  same.  Lithographic 
plates  9,  10,  and  li  have  been  omitted  from  this  edition. 
Plate  11  was  practically  out  of  date,  and  plates  9  and 
10,  while  beautiful  specimens  of  the  lithographer's  art, 
and  reflecting  great  credit  upon  my  friend.  Dr.  W.  A. 
Holdcn,  who  was  kind  enough  to  draw  tliese  plates  from 
nature,  do  not  seem  to  possess  enough  practical  vaJuc  to 
wanant  their  continuance  in  this  last  edition. 

One  new  plate,  which  has  appeared  in  an  article  by 
the  author  subsequent  to  the  publication  of  the  last  edition, 
is  «rmbodied  in  this  volimie.  Certain  changes  have  been 
made  in  the  text  where  experience  has  made  it  necessary 
for  the  author  to  modify  opinions  previously  held.  Certain 
statistics  have  been  changed  also  so  as  to  include  the 
experience  of  the  last  ten  years. 
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IV  PREFACE  TO  FIFTH  EDITION. 

The  author  appreciates  most  keenly  the  cordial  reception 
which  has  always  been  accorded  the  previous  editions  of  this 
work,  and  hopes  that  the  medical  profession  may  find  this 
last  edition  as  worthy  of  perusal  as  its  predecessors  have  been. 


Edward  Bradford  Dench. 


15  East  530  Street, 
New  York  City 


PREFACE  TO   FIRST   EDITION. 


In  the  preparation  of  the  present  work  it  has  been  my  aim 
to  adapt  it  to  the  needs  both  of  the  general  practitioner  and 
the  special  surgeon.  For  this  reason  minute  pathology  has 
not  been  considered  extensively. 

In  detailing  the  various  manipulative  procedures,  I  have 
preferred  to  err  on  the  side  of  prolixity,  for  the  benefit  of 
those  not  familiar  with  the  subject.  It  has  also  been  my 
purpose  to  keep  constantly  before  the  reader,  the  fact  that 
many  diseases  of  the  car  should  not  be  considered  by  them- 
selves, for  the  reason  that  they  arc  often  local  manifestations 
of  systemic  condition. 

Many  works  upon  otology  have  failed  to  emphasize  the 
importance  of  a  thorough  functional  examination:  and  none 
have  placed  the  results  of  recent  investigations  at  the  disposal 
of  the  reader  in  such  a  manner  as  to  enable  him  to  use  them 
in  diagnosis.  In  consequence,  1  have  written  at  length  upon 
this  subject. 

In  advocating  operative  procedures  upon  the  middle  car 
and  in  devoting  much  space  to  the  subject  of  middte-ear 
Ofjcrations,  I  am  aware  that  I  shall  not  have  the  support  of 
many  distinguished  colleagues.  As  a  careful  reading  of  the 
chapter  will  show,  I  have  written  from  personal  experience; 
and  if  my  results  differ  from  those  of  other  operators,  1  sug- 
gest that  the  selection  of  cases  suitable  for  operation,  accord- 
ing to  the  principles  detailed  in  previous  chapters,  may 
account  for  the  favorable  outcome  of  the  operations. 

In  illustrating  the  gross  pathological  lesions  of  the  con- 
ducting mechanism  and  the  various  manipulative  measures 
instituted  for  their  relief,  I  have  adopted  the  pbn  of  showing 
the  auricle,  meatus,  and  middle  ear  in  the  same  drawing.  The 
drawings  are  of  natural  size,  and  the  technique  of  the  various 
procedures  seems  to  be  made  more  clear  in  this  manner,  than 
by  any  other  method. 
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PREFACE  TO  FIRST  EDITION. 


In  the  colored  plates  of  the  membrana  tympani,  the  adja- 
cent portion  of  the  meatus  is  also  shown,  thus  reproducing  as 
completely  as  possible  the  picture  seen  upon  speculum  exami- 
nation,  and  rendering  the  relative  position  oi  the  parts  more 
intelligible.  In  this  connection  I  desire  to  express  my  indebt- 
edness to  Dr.  W.  A.  I  loldcn  for  the  careful  manner  in  which 
he  prepared  these  plates  from  clinical  cases.  Without  his  aid, 
these  illustrations  would  have  been  impossible. 

The  absence  of  extensive  bibiiij^raphical  citations  may 
seem  a  defect,  but  in  a  work  intended  as  a  clinical  guide,  a 
complete  bibliography  would  be  impossible,  and  unless  com- 
plete it  would  be  useless.  No  attempt  has  been  made,  there- 
fore, to  collate  the  entire  literature  of  any  subject,  and  the 
citations  have  been  limited  to  those  necessary  to  give  indi- 
vidual investigators  the  proper  credit  lor  their  researches. 

It  gives  me  pleasure  to  thank  the  W.  F.  Ford  Surgical 
Instrument  Companv  for  the  care  which  they  have  bestowed 
upon  the  iliustraiions  oi  various  instruments  and  appliances 
which  appear  in  this  volume. 

17  West  4&rii  Strkkt.  Nkw  York  Citt, 
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The  auditory  apparatus,  ihrough  the  agency  of  which 
certain  forms  of  raotion  arc  interpreted  as  sound,  may  best 
be  considcrc<J  as  consisting  of  two  parts— a  conducting  mech- 
anism  and  a  receptive  mechanism.  Tbe  conducting  mech- 
anism collects  the  vibrations  of  the  sounding  body  and  trans- 
mits them  to  the  receptive  mechanism,  through  which  this 
motion  is  recognized  as  sound. 

This  division  of  the  subject  affords  a  much  clearer  view  of 
the  function  of  the  various  parts  concerned  in  audition,  in 
health  and  in  disease,  than  that  obtained  by  adhering  strictly 
to  the  anatomical  divisions  of  the  external,  middle  and  inter- 
nal ear. 

The  conducting  apparatus  includes  the  external  and  mid- 
dle car.    The  middle  car  is  simply  the  more  delicate  and 
implicated    portion   of    the   transmitting   mechanism,   and 

'  therefore  is  more  carefully  protected  from  injury,  both  by  its 
situation  at  a  distance  from  the  external  surface  of  the  body 
and  by  the  presence  of  the  membrana  tympani.  ft  is  probable 
that  the  function  of  this  structure  is  almost  entirety  protective, 
and  that  it  plays  but  an  unimportant  part  in  the  transmission 
»(  sound  vibrations.  That  portion  of  the  conducting  tract 
which  it  separates  from  the  outer  world  communicates  with 
the  surface  o(  the  body  by  means  of  the  Eustachian  tube :  it 
seems  wiser,  therefore,  to  consider  the  external  and  middle 

^earand  Eustachian  tube  together,  rather  than  as  individually 
listinct,  since  they  perform  a  single  function. 
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The  second  portion,  the  receptive  roechanistD,  jododcs  not 
«Bly  the  internal  ear,  or  labjriatb.  but,  in  additioa.  the  tniak 
«|  Uie  auditory  nerve,  its  central  aad  cortical  nadd  and  fibres 
<f  usocEation  and  projection.  The  [abyrioth.  then,  reprcscots 
M  a  small  portion  oi  the  receptive  mechanism,  constituting 
(he  specialized  end  organ  of  the  auditory  oenre,  through 
m^ich  vibrations  in  the  labyrinthine  fluid  produce  specific 
lamrrssion!!  upon  the  cerebrum.  It  can  be  seen  at  once  how 
iHch  more  comprehensive  ihc  range  of  aural  pathology  be- 
•fMwcs  when  this  view  is  taken,  than  when  anatomical  divisions 
4i)oM  nre  followed. 

I.  The  CoNDUcnKC  Apparattjs. 

ITiutrr  iIiIa  head  wc  include  the  auricle  and  the  cartilag- 
^His  niraluK,  the  bony  external  auditory  meatus,  the  mcm- 
Iktnna  tympani,  the  tympanum,  and  the  Eustachian  tube. 

Tlic  auricle  and  the  cariilaginous  meatus  together  form  an 
tnrtJtularty  (unnclsh.iped  device  for  iransmilting  aerial  vibra- 
litMul  10  the  deeper  parts,  the  auricle  constituting  the  wide 
»4irtlon  ol  the  funnel,  the  cartilaginous  meatus  the  tubular 
|t,ti(|itn. 

The  Auricle. — The  auricle  consists  of  a  thin  plate  of  fibro- 
v'ltrtlltttio,  oval  in  outline,  attached  to  the  side  of  the  skull 

at  an  acute  angle 
with  the  median  an- 
tero-postcrior  verti- 
cal plane  of  the  body. 
Its  posterior  surface 
isconvexand  smooth, 
while  the  concave 
anterior  surface  pre- 
sents certain  irreg- 
ularities which  merit 
special  description. 
The  unattached  bor- 
der of  this  oval  car> 
tilaginous  plate  i& 
folded  forward  upon 
itself  to  such  an  ex- 
tent that  the  Irce 
nmrKli)  appean  upon  the  anterior  or  external  surface,  form- 
ing iho  helix.     Above,  the  helix  does  not  terminate  at  the 
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supero-anterior  attachment  of  the  auricle,  but  is  continued 
backward  and  slightly  downward  from  this  point,  as  a  promi- 
nent ridge,  the  crista  helicis,  winch  forms  the  superior 
boundary  of  the  cartilaginous  meatus. 

At  the  base  o(  the  crest  a  minute  spur  of  cartilage  ex- 
tends downward,  constituting  the  spina  helicis.  Followed  in 
the  opposite  direction,  the 
helix  is  seen  to  tcrmin^.tc 
in  an  elongated  cnrtilagi- 
nous  process,  the  processus 

hcaudatus;  the  spine  of  the 
helix  and  the  caudate  pro- 
cess can  rarely  be  recog- 
nized on  the  living  subject, 
but  arc    disccniible    upon 

(the  cadaver  after  carefully 
removing  the  integument 
covering  the  auricle  (Fig. 

■)■ 

The  groove  beneath  the 
helix  is  called  the  fo!«a  of 
the  helix,  or  scaphoid  fossa.  Immediately  in  front  of  this 
fossa  Is  a  broad  convex  ridge  running  parallel  to  the  helix 
called  the  anlihclix,  dividing  above  into  two  branches— the 
crura  helicis  or  the  crura  (urcata.  These  crura  inclose  be- 
tween them  the  los.<;3  of  the  antihcHx.  The  anlihelix  termi- 
nates below  in  a  cartilaginous  prominence — the  antilragus. 
Immediately  in  front  of  the  antihclix  and  extending  down- 
ward as  far  as  the  anlttragus  is  a  deep  cavity  called  the  con- 
cha; this  depression  is  partially  divided  by  the  spine  of  the 
helix  into  two  unequal  parts,  of  which  the  superior  is  the 
smaller  and  lies  between  the  spine  of  the  helix  and  the  ante- 
rior crus  of  the  antihclix,  while  the  larger  division  lies  in 
ront  of  the  antihclix  and  above  the  antilragus.  As  already 
staled,  the  superior  margin  of  the  cartilaginous  meatus  is 
(ormed  by  the  spine  of  the  helix;  its  posterior  and  inferior 
margins  constitute  the  anterior  and  inferior  boundaries  of  the 
crmcfaa.  In  front  of  the  entrance  to  the  meatus,  slightly  cov- 
ering it  and  continuous  with  its  anterior  wall,  there  is  a 
prominent  cartilaginous  tubercle,  somewhat  pyramidal  in 
sha[Mr,  called  the  tragus.  This  is  separated  from  the  anti- 
lragus by  a  deep  broad  notch,  the  fissura  intertragica.    The 
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tragus  is  not  completely  separated  from  the  antitragiis  by  fhis 
lissure,  the  bases  of  the  two  processes  becoming  continuous  at 
the  junction  of  the  anterior  and  inferior  walls  of  the  cartilag- 
inous meatus.  Above,  the  tragus  is  cnmpkrtely  separated 
from  tlic  spine  and  crest  of  the  hcHx.  the  intervening  space, 
being  filled  with  dense  connective  tissue.  H 

From  the  preceding  description,  it  will  be  seen  that  while 
the  contour  of  the  cartilaginous  margin  of  the  auricle  above, 
anteriorly  and  posteriorly,  Is  fairly  regular,  its  inferior  margin 
from  the  processus  caudatus  of  the  hcHx  to  the  hssura  intcr- 
tragica  presents  numerous  irregularities  of  outline.  These 
indentations  are  filled  up  by  a  mass  o(  adipose  connective  tis- 
sue which,  extending  downward  for  a  variable  distance,  gives 
a  regular  outline  to  the  pinna.  To  this  process  the  name  of 
lobule  is  given.  The  walls  of  the  irregular,  funnel-shaped 
auricle,  therefore,  gradually  converge  to  form  the  cartilagi- 
nous meatus. 

The  Cartilaginous  Meatus. — The  lumen  of  this  canal  is 
oval  in  shape  when  viewed  in  cross  section,  the  long  axis  of 

the  ellipse  being  inclined  at  an 
iinglc  of  about  sixt^'  degrees  to 
the  horizontal  plane.  The  in- 
ner extremity  of  this  canal  is 
attached  by  means  of  firm 
bands  of  connective  tissue  to 
the  margin  ot  the  bony  meatus. 
The  cartilaginous  framework 
of  the  canal  is  wanting  above 
and  posteriorly,  this  deficiency 
becoming  greater  as  the  canal 
extends  inward,  until  at  its  ter- 
mination the  inferior  wall  only 
is  cartilaginous,  being  pro- 
longed for  a  short  distance 
along  the  floor  of  the  bony 
meatus  as  a  tongue-shaped  cartilaginous  process,  known  as  — 
the  processus  triangularis ••  (Fig.  3).  fl 

The  wall  of  the  canal  is  completed  by  firm  connective  tis- 
sue, which  fills  up  the  hiatus  in  its  cartilaginous  portion.  This 
fibrous  tissue  is  continuous  with  the  periosteum  of  the  corrc- 


y'm.  3. — The  cartilaj^nous  mcnitis. 

(I'niilxcr).      C,    )'roC«tuii  lciuii(;u- 
brit:   i,  J,  Inciturcft  or  SantOTiaJ. 


*  Palitxcf,  Z«glled«niiig  det  menichlkhen  Gehfirargui*,  1B89,  p,  57, 
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Ispondinfi;  portion  of  Ihe  bony  canil.  The  anterior  wall  of  the 
cartilaginous  meatus  presents  two  vertical  fissures  (Figs.  3 
and  4)  which  pass  completely  through  its  substance.  The 
ices  thus  left  arc  filled  with  connective  tissue,  with  an 

"occasional  admixture  of  striped  muscular  fibres.  These  fis- 
sures are  called  the  incisures  of  Santorini.  The  more  extensive 
of  the  two  is  situated  at  the  base  of  the  tragus ;  the  second  is 
farther  inward,  while  a  third  is  occasionally  met  with  beyond 
this.    These  fissures  ren- 

uder  the  cartilaginous 
meatus  more  freely  raov- 
able,  and  are  important 
clinically,  for  through 
them  deep  abscesses  of 
tlie  panitid  gland,  dis- 
charging spontaneously, 
rupture  into  the  canal 
on  account  of  (he  weak- 
ness of  the  walls  at  this 

^point.  From  a  surgical 
standpoint  these  dehis- 
cences   are    important. 

|Bincc  they  enable  us  to 

ftum  the  auricle  and  fibrocartilaginous  canal  forward  on  the 
cheek,  after  separation  of  the  posterior,  inferior,  and  superior 
attachments. 

The  Bony  Canal. — In  order  properly  to  understand  the 
osseous  meatus,  tt  will  be  necessary  to  consider  somewhat  in 
detail  the  development  of  the  temporal  bone.  This  portion 
of  the  skull  develops  from  four  centers:  the  squamous,  the 
pet r IV mastoid,  the  auditory  or  tympanic,  and  the  stylomas- 
toid. This  last  center  of  ossification  docs  not  concern  us,  but 
the  *>t  her  three  are  of  importance,  as  they  arc  all  integral  parts 
of  the  auditory  apparatus,  and,  with  the  exception  of  the  pe- 
trous portion,  all  enter  into  the  formation  of  the  external 
racatus.  The  manner  in  which  these  various  jjortion  unite 
to  form  the  temporal  bone  is  shown  in  Rg.  5,  which  is  some- 
what diagrammatic. 

The  osseous  meatus  docs  not  exist  at  birth,  its  place  being 
supplied  by  a  canal  of  fibniiis  tissue.  Reference  to  Figs.  8, 
),  and   10,  drawn  from  specimens  prepared  by  the  author, 

^renders  this  clear.     At  its  inner  extremity  this  terminates  in 


F[C  4.- 


I, «,  The  int'isurci  of  Siuiloriiii, 
(UrlMntachilscli,) 


8  THE   ANATOMY   ANI>   PHYSIOLOGY  OF  THE   EAR. 

the  auditory  process  or  the  tympanic  ring-.  The  auditory 
process  (Figs.  5  [2I  and  13  [III])  consist  of  a  thin  osseous  strip 
bent  in  the  form  of  an  oval,  the  curvilinear  outline  being 
wanting  for  about  an  eighth  of  itscircumfcrenceat  the  broader 


Fifl.  J.— The  (!««<: lopmen I  of  ihe  temporal  bnnc.  I,  The  tquainoiif  poilioii  :  i. 
The  lyinpnnic  rine  :  3,  The  jiciro-muloid  pofiion.  The  uppci  dput  illiuuUcx 
theiinioti  of  the  thiec  pQitiviu.     (Mwlilicd  fram  Gray.) 

pole.  The  concave  margin  of  this  bony  ring  is  grooved  for 
the  insertion  of  the  mcmbrana  tympani.  and  is  named  the 
sulcus  tympanicus,  while  the  ring  itself  is  called  the  annulus 
tympanicus.  The  free  extremity  of  the  posterior  limb  of  the 
annulus  is  called  the  spina  tympanica  posterior  or  spina  tym- 
pantca  minor.  Just  below  the  extremity  o(  the  anterior  Hmb 
a  bony  spine  projects  backward,  the  spina  tympanica  major. 
The  spina  tympanica  anterior  is  directed  forward,  and  con- 
sists of  a  small  bony  tubercle  lying  just  beneath  the  larger 
tympanic  spine. 


THE  BONY  MEATUS 


The  squamous  portion  of  the  temporal  bone  develops 
from  a  single  center.  Early  in  fartal  life  it  consists  of  a  6at 
osseous  scale,  presenting  a  ridge  upon  its  outer  surface, 
which  afterward  becomes  the  zygomatic  process.  Below  the 
root  of  this  process  is  a  shallow  excavation,  the  glenoid  fossa. 
Behind  this  depression  the  bony  plate  divides  into  two  la- 
mellse,  the  inner  of  which  is  directed  almost  horizontally 
inward  and  forms  subsequently  the  roof  of  the  tympanum 
and  of  the  mastoid  antrum.  The  external  lamella  passes 
downward  and  somewhat  inward  and  exhibits  a  deep 
notch  upon  its  inferior  border.  The  annulus  tympanicus 
joins  the  external  plate  of  the  squama  by  the  union  nf  the 
free  extremities  of  its  anterior  and  posterior  limbs  to  the 
corresponding  angles  of  the  notch  above  described.  The 
curvilinear  outline  of  the  ring  is 
completed  by  the  notched  inferior 
border  of  the  external  plate  of  the 
squamous  portion  of  the  temporal 
bone.  This  is  shown  in  Fig.  6. 
The  circlet  thus  completed  gives 
attachment  to  the  inner  extremity 
of  the  fibrous  canal,  which  occujiies 
the  position  of  the  future  bony 
meatus.  As  development  pro- 
gresscs,  the  fibrous  canal  is  replaced 
by  osseous  tissue.  The  annulus 
tympanicus  is  converted  into  a 
bony  groove   by   ossification  out- 

ward,  and,  as  will  be  seen  by  consulting  Figs.  1},  9,  and  10. 
the  process  effects  simply  the  separation  of  the  superior 
and  inferior  walls,  which  at  birth  are  in  contact.  This  gutter 
forms  the  anterior,  inferior,  and  posterior  walls  ol  the  bony 
nteatus,  the  superior  wall  being  formed  by  that  portion  of 
the  temporal  bone  which  completes  the  osseous  outline  of 
the  annulus  tympanicus. 

In  the  adult  temporal  bone  (Fig.  7)  the  deep  groove  formed 
by  the  outward  growth  of  the  annulus  tympanicus  is  called 
the  auditory  process.  It  is  separated  in  front  from  the  squa- 
mous portion  of  the  temporal  bone  by  a  narrow  fissure  called 
the  Glaserian  fissure  ;  posteriorly  the  auditory  process  enters 
Into  the  formation  of  the  mastoid  squamous  suture,  its  postero- 
superior  termination  constituting  the  spinum  supra-mcatum. 


Fici.  IS. — Tcmpor*!  hone  nf  In- 
fant, nntutal  she  (AulhoKi 
collect  ion. 
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The  external  plate  ol  the  squama,  which  completes  the  out- 
line of  the  bony  meatus,  during  development  grows  almost 


^ 
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Fic.  7- — Til*  adiill  trtn|)oral  bone.  nattiTal 
tilt.     (Aiiihar'i  coUection.) 

directly  outward  in  a  horizontal  direclion.  and  nearly  at  right 
angles  to  that  portion  of  the  temporal  bone  lying  above  the 

zygomatic  process.  As  previously 
Biaicd,  the  fibrous  tissue  which  oc- 
cupies the  place  of  the  bony  meatus 
at  birth  iy  gradually  replaced  by 
bone,  and  this  p.irt  of  the  meatus, 
which  at  first  was  movable,  be- 
comes bony  and  rigid.  As  a  re- 
sult, the  angle  between  the  mcm- 
brana  tympani  and  the  superior 
wall  of  the  canal  becomes  appar- 
ently more  acute  as  development 
advances.  The  actual  angle  of  in- 
'^^'  ^/^L  clinationof  the  membrane  with  the 
i  v''  V  '^'^^^^  horizontal  plane  probably  does  not 
'^-*^^*'.-        ^**!.'',ii5      change  to  any  degree  after  birth. 

The  line  of  deraarcaiion    between 

Pig.  «.— ThcMtcrtinrmcaiu-mnci     [[  and    the  superior  wall  is  more 
reicin&rana  tjmiiani  n(  a  child  31  ..  ,  .         •  .  i_  -i  _i 

hirti..iiaiu«l.>«.  'ihcmemw    casily  made  out  m  older  children 

Nu  been  »pin,  •nd  the  wpciioT    and    adults.    On    accounl    ol     the 
and   inferior  wnIU  hive  been  ,  .  i  •       i 

heidipirt.  (Auihor'KKpccimni.)    change  takmg  placc  in  the  meatus. 
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At  birth  the  superior  and  inferior  walls  are  in  contact  and 
must  be  separated  in  order  to  inspect  the  mcmbrana  tympani. 
as  tlic  specimen  from  which  Fig.  8  was  drawn  shows.  In 
this  specimen  the  anterior  wall  of  the  canal  was  cut  through, 
from  just  in  front  of  the  tragus  to  the  mcmbrana  tympani, 
and  the  walls  separated  so  that  the  parts  could  be  seen  and 
drawn. 

When  vfc  compare  this  drawing  with  Figs.  5  and  10.  repre- 
senting the  same  region  in  childhood  and  adult  life,  wc  sec 
at  once  that  the  formation  of  the  bony  canal  may  be  said  to 
have  efTccted  this  sei)aration  and  made  it  permanent,  simply 
by  the  deposit  ol  bony  tissue,  rendering  the  fibrous  tube  rigid. 


Fia.  9.— Eittmol  meatus,  ncnbrana  tym- 
pani Bwl  mid<Il«  ear  from  a  child  ti*e 
yean  of  af;e,  DBtnrxl  site.     (Authur'fl 

qiCCUDCII.) 


Fic,  [D.— Sogitlitl  sKtinn  (hroughn- 
(em.it  auclilory  mcnius.  mcmlinna 
lyinpn[ii,aii(l  miildlccar  offtnadult, 
BAlunl  nuc    (Auihot's  coUcctiun.) 


The  third  portion  of  the  temporal  bone,  the  petro-niasloid 
part,  consists  of  an  oblique  triangular  osseous  pyramid,  the 
apex  of  which  is  directed  forward  and  inward,  while  its  base 
fills  up  the  gap  between  the  free  margin  of  the  squamous 
plate  of  the  temporal  bone  and  the  posterior  crus  of  the 
anaulus  tympanicus.  at  the  same  time  extending  forward,  so 
that  the  anterior  portion  of  this  surface  lies  opposite  the  tym- 
panic ring. 

The  line  o(  union  ol  the  mastoid  portion  to  the  external 
squamous  plate  is  the  mastoid  squamous  suture.  Looking  at 
Ihc  cranial  surface,  wc  find  that  the  petrous  portion  unites 
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with  the  inner  plate  of  the  squama,  {orming  the  pctro-squa- 
mous  suture. 

It  is  clear  from  the  foregoing  description  that  the  base  of 
the  pyramid  is  made  up  of  the  outer  surface  of  the  mastoid 
and  of  that  portion  of  the  petrous  bone  I>ing  l}clow  the  petro- 
squamous suture  and  opposite  the  tympanic  ring-.  This  last 
region  corresponds  to  the  inner  wall  of  the  tympanic  cavity, 
or  the  fundus  of  the  external  auditory  meatus,  the  membrana 
tympani  having  been  removed. 

The  Tympanic  Cavity. — The  tympanic  cavity  is  a  bony 
chamber  the  inner  wall  of  which  is  formed  bj-  the  external 
surface  of  the  petrous  portiun  of  the  temporal  bone.  This 
wall  (Fig.   ii)  presents  for  inspection  a  rounded  eminence, 

called  the  promontory,  covering 
the  first  turn  of  the  cochlea.  Be- 
hind, and  somewhat  beneath  the 
promontory,  there  is  a  niche  called 
the  niche  of  the  round  window, 
into  which  the  fenestra  rotunda 
opens.  This  niche  looks  almost 
directly  backward,  and  even  when 
the  parts  are  most  favorably  dis- 
posed for  inspection,  but  a  very 
"  w^-5::tl.S!.T^cirr=  li-itccl  area  of  the  depression   is 

visible.  Above,  in  the  upper  and 
posterior  portion  of  the  inner  wall,  is  an  oval  fossa,  llic  pelvis 
ovalis.  at  the  bottom  of  which  is  the  ovai  window.  In  Fig. 
11  the  stapes  is  in  position,  and  tills  the  pelvis  ovalis.  The 
posterior  wall  of  the  pelvis  ovalis  is  abrupt,  while  its  anterior 
wall  slopes  gradually  forward  until  it  merges  inio  the  sur- 
face of  ihc  promontory.  The  inferior  wall  is  longer  and 
more  precipitous  that  the  superior  wall.  The  lumen  of  the 
fenestra  ovalis  looks  outward  and  downward.  At  birth  the 
pelvis  ovalis  is  separated  from  the  niche  of  the  round  win- 
dow by  a  deep  fossa,  the  sinus  tympanicus  (seen  in  Fig.  6), 
which  usually  disappears  completely  in  adult  Hfe.  Above 
the  oval  window  there  is  a  distinct  bony  arch  formed  by  the 
encroachment  of  the  outer  wall  of  the  aqueductus  Fallnpii 
upon  the  tympanic  cavity.  The  facial  nerve  passes  through 
this  canal.  Directly  above  this  bony  ridge  there  is  another 
and  smaller  bony  crest,  caused  by  the  projection  of  the  hori. 
zonLal  semicircular  canal    outward   into   the  cavity  of  the 
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middle  ear.  The  outer  wall  of  ihc  aqueductus  Fallopii  is 
occasionally  incomplete,  the  facial  nerve  being  then  exposed 
in  its  i»a&!iage  through  the  tympanum.  Behind  the  pelvis 
uvalis,  at  the  juncture  ol  the  inner  and  posterior  walls  of  the 
tympanum,  there  is  a  small  bony  pyramid,  through  the  apex 
o(  which  the  tendon  of  the  stapedius  muscle  passes.  The 
plane  of  the  Inner  wall  of  the  tympanic  cavity  lies  more 
nearly  in  the  median  antcro-posterior  vertical  plane  of  the 
body  than  does  that  of  the  tympanic  ring;  hence  the  tym- 
panic cavity  is  broader  above  and  posteriorly,  than  below 
and  anteriorly.  In  front  ol  the  promontory  the  inner  wall  is 
smooth  and  gradually  merges  into  the  tympanic  opening  ol 
the  Eustachian  tube. 

The  anterior  wall  of  the  tympanum  presents  at  about  its 
centre,  the  tympanic  orifice  ol  the  Eustachian  canal.  Abuve 
this,  and  separated  fnim  it  by  a  thin  bony  plate,  the  proces- 
sus cochlcarilormis.  is  the  canal  for  the  tendon  of  the  tensor 
lymjwni  muscle.  The  anterior  wall  is  separated  from  the  in- 
temal  airotid  artery  as  it  passes  through  the  carotid  canal 
by  a  ihin.  Ixjny  plate.  The  osseous  floor  of  the  cavity  lies  at 
a  considerable  distance  below  the  lower  margin  of  the  tym- 
panic ring.  It  is  sometimes  lornicd  of  fairly  compact  bone, 
but  quite  frequently  it  is  cancellous;  it  is  in  relation  with  the 
jugular  fossa,  which  lodges  the  bulb  o(  the  intcnia!  jugular 
vein,  and  may  present  dehiscences,  exposing  the  bulb  to  trau- 
matism b^'  instruments  introduced  into  the  meatus. 

The  posterior  wall  presents,  at  its  junction  with  the  inter- 
nal wall,  the  pyramid,  through  the  apex  of  which  the  tendon 
of  the  stapedius  muscle  passes.  The  opening  into  the  mastoid 
antrum  lies  directly  above  this  process.  The  external  wall  of 
the  tympanum  is  formed  chicBy  by  the  mcnibrana  tym[)ani 
(a  structure  which  will  be  described  presently),  by  the  inner 
surface  of  the  tympanic  ring,  and  above  by  the  inner  mai^in 
of  the  external  plate  of  the  squama  and  by  the  angle  formed 
by  the  separation  of  the  inner  and  outer  plates.  It  becomes 
evident,  therefore,  that  the  tympanic  cavity  is  prolonged  up- 
ward  for  a  considerable  distance  above  the  plane  of  the  supe- 
rior wall  of  the  meatus.  This  portion  of  the  cavitj'  is  the 
cpitympanic  space  or  recess,  or  the  vault  of  the  tympanum. 
The  portion  lying  below  this  plane  is  called  the  atrium. 

The  Vault  of  the  Tympnnum  (Fig.  12). — The  cpitympanic 
space  is  somewhat  pyramidal  in  shape,  the  apex  lying  at  the 
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F(fi  11 — The  internal  lympmnii:  wall 
and  itie  vault  of  ihc  tvnipaniim, 
with  ihv  ovi.Kln  in  [lo&ition.  (Au- 
tlior'*  collection.) 


angle  between  the  two  plates  oi  the  squama.  These  plates, 
with  the  adjoining  portions  of  the  petrous  bone  and  the  petro- 
squamous suture,  complete  two 
osseous  faces  ol  the  pyramid ; 
the  remaining  surface  and  the 
base  are  partly  wanting,  being 
represented  by  the  openings 
leading  into  the  mastoid  antruin 
posteriorly,  and  into  the  tym- 
jianic  cavity  below.  When  the 
parts  are  in  their  normal  posi- 
tion this  lower  surface  is  par- 
tially completed  by  theossicula, 
their  ligaments,  and  the  redu- 
plications of  the  mucous  lining 
of  the  tympanum,  which  shut  off  the  upper  portion  of  the 
cavity  more  or  less  perfectly  from  the  lower  part. 

The  Ossicles  (Figs,  ij  and  14). — The  ossicular  cbain  is 
lodged  within  the  tympimum,  and  serves  to  transmit  and 
modify  sound  vibrations.  It  constitutes,  in  reality,  a  lever 
through  which  the  impulses  tninsmitted  to  the  labyrinthine 
fluid  are  increased  in  intensity,  but  diminished  in  amplitude. 

The  ossicles  are  three  in  number:  the  malleus,  incus,  and 
stapes.  According  to  Rathke*  and  Urbanlschitsch.t  the 
malleus  and  incus  are  developed  from  one  nucleus,  and  sub- 
sequently become  separate  bones,  intimately  connected  at 
their  articular  surfaces,  while  the  stapes  develops  from  a  dis- 
tinct centre  of  its  own. 

GradenigoJ  believes  that  the  foot  plate  of  the  stapes 
springs  from  the  capsule  of  the  labyrinth,  while  the  remain- 
der develops  from  the  second  visceral  arch,  the  two  portions 
subsetiuently  uniting- 

nr  AlaUcus. — The  malleus  is  the  largest  ossicle  of  the 
series,  and  consists  of  a  head  and  shaft  joined  tn  each  other  at 
an  obtuse  angle  by  a  constricted  portion  called  the  neck.  The 
shaft  or  long  process  is  prismatic  on  cross  section,  and  tapers 
gradually  from  just  below  the  neck  ol  the  ossicle  to  the  tip, 
which  is  sometimes  bent  slightly  forward  in  the  form  of  a  hook. 


*  Kiemcnnpp,  uriil  Zunj^nk,  i8]3,  p.  lai. 
t  L.chrb,  dcr  Ohrcntieilh..  Wicn,  1890,  p.  39^ 
X  Med.  Jabrbuch,  Wl«ii,  18S7. 
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At  the  junction  of  the  shaft  with  the  neck  iherc  i;^  a  prcminent 
bony  tubercle  called  the  short  process  of  the  malleus,  whit;h 
is  directed  forward  and  outward.  The  prismatic  shaft  pre- 
sents an  external  border  for  attachment  to  the  membraiia 
tympani,  an  internal  border  directed  toward  the  labyrinthine 
wall,  and  somewhat  broad  anterior  and  posterior  surfaces.  It 
is  evident  that  any  rotation  of  the  malleus  upon  the  long  axis 


Ym.  \y. — 't'b«  otsklet  ■»(]  ihe  nnnulu^  ii'rii{i.i[ii<.  11 ..  I.  (Kii culm  chain  of  IcTl  ear 
1.  Mallcut ;  3.  Incm  .  3.  Si.ipcs.  II,  Usikulu^  Lhaiii  of  ri|[hl  rar.  i.  Mitlteus  ; 
1. 1'rocc^m  (oliiiniu :  3.  Miuiutrium  ;  i.  l-on^  [""owsof  men*  ;  5,  Short  |>toccu 
of  inciu  :  (>,  Supt*.  III.  Aiinulna  lymponkuv  1,  Anicriiir  tubccclc  ;  3,  I'os- 
t«rM>i  ttil>cic)c.     (ROdinEcr;    BUkc'i  IntnsJativfi.) 

of  the  manubrium  will  alter  the  apparent  breadth  of  the  shaft 
85  viewed  through  the  meatus,  according  as  the  degree  of 
rotation  brings  the  broad  anterior  or  posterior  surface  into , 
view,  or  the  sharp  edge  which  marks  the  junction  of  these 
surfaces  with  the  anterior  border.     Springing  from  the  an- 


l6       THE  ANATOMY  AND  PHYSIOLOGY  OF  THE  EAR. 

terior  surface  just  below  the  short  process  is  a  long,  delicate, 
bony  spicule,  the  processus  folianus  or  gracilis,  which  lies  in 
the  Glascrian  Bssurc,  and  in  adult  life  is  frequently  imbedded 
in  the  fibres  of  the  anterior  ligament.  The  external  .surface 
of  the  neck  of  the  malleus  is  roughened  for  the  attachment  of 
the  external  ligament    The  anterior  surface  of  the  neck  and 


¥10.  14. — The  nulleut,  incni,  and  t Cupei  in  VArioos  pontions.    (Kodinger :  Ulalie's 

the  adjoining  portion  of  the  head  are  deeply  grooved  for  the 
insertion  of  ihc  anterior  ligament.  The  head  is  irregularly 
spherical  in  shape,  the  spherical  contour  being  encroached 
upon  posteriorly  by  the  saddle-shaped  surface  for  articulation 
with  the  incus,  while  anteriorly  there  is  a  groove  for  the  at 
tachment  of  the  anterior  ligament. 


THE  OSSICLES. 
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Tfu  ftUNS.— The  central  ossicle  of  the  chain  consists  of  a 

ly  and  two  processes.  The  short  ot  horizunial  process — a 
inlinuation  of  the  body — is  conical  in  shape  and  extends 
backward,  its  tip  resting  in  a  little  pit  or  fossa  in  the  posterior 
tympanic  wall,  just  below  llie  entrance  to  the  mastoid  antrum. 
This  depression  is  called  the  sella,  incudis.  The  body  of  the 
bone  is  flattened  from  bciore  backward,  the  vertical  diameter 
being  about  double  the  transverse.  The  anterior  surface, 
lorming  the  base  of  the  cone,  is  snddlc-shapcd  for  articulation 
with  the  malleus.  The  long  or  descending  ramus  of  the  incus 
is  a  long,  tapering  bony  shaft,  extending  downward  from  the 
antero-inferior  angle  of  the  body  ;  its  lower  extremity  is  bent 
inward  so  that  the  tip  of  the  process  is  directed  toward  the 
internal  tympanic  wall.  This  free  extremity  is  called  (he  len- 
ticular process,  and  articulates  with  the  head  of  the  stapes. 
The  lenticular  process  in  foetal  life  is  represented  by  a  sepa- 
rate bone,  the  os  orbiculare. 

7/Sc  StaJtfS. — The  innermost  ossicle  of  the  scries  brings  the 
comlucting  mechanism  into  immediate  relation  with  the  re- 
ceptive apparatus.  As  the  name  implies,  it  is  stirrup-shaped, 
and  consists  of  a  small  rounded  head  the  external  tace  of 
which  is  hollowed  out  for  articulation  with  the  lenticular  pro- 
cess of  the  incus;  below  the  head  is  a  constricted  portion 
called  the  neck,  from  which  the  crura  diverge.  The  posterior 
crus  is  the  longer  and  more  curved.  The  crura  terminate  in 
an  oval  or  kidney-shaped  plate  of  bone,  the  foot-plate  of  the 
stapes,  which  closes  the  oval  window.  The  entire  stapes  lies 
almost  wholly  within  the  pelvis  ovalis,  hence  when  the  mem- 
brana  lympani  is  wanting  it  is  well  protected  from  traumatism 
from  instruments  introduced  through  the  canal.  The  stapes 
lies  obliquely  in  the  oval  niche,  being  nearer  tu  the  inferior 
and  posterior  walls  of  the  fossa  than  to  the  anterior  and  supe- 
rior. Since  the  posterior  wall  of  the  niche  is  almost  verlical, 
the  corresponding  stapedial  crus  lies  close  to  it.  and  adhesions 
between  this  wall  and  the  posterior  limb  of  the  ossicle  are  of 
frequent  occurrence. 

The  ossicular  chain  is  suspended  in  the  tympanic  cavity 
by  a  series  of  ligaments  which  bind  the  individual  members 
of  the  chain  to  each  other  and  to  the  walls  of  the  tympanum. 

Ligaments  of  the  Malleus  (Fig.  ij). — These  arc  four  in 
number :  the  anterior,  external,  posterior,  and  superior  or  sus- 
pensory ligament. 
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The  anterior  ligament  is  the  strongest  of  these.  It  arises 
from  the  spina  tympanica  major  and  from  the  walls  of  the 
Glascrian  fissure,  some  of  the  fibers  traversing  the  length  of 
the  fissure  and  taking  their  origin  from  the  spine  of  the  sphe- 
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noid.  From  this  extensive  origin  they  pass  outward,  upward, 
and  backward,  and  are  inserted  into  the  anterior  surface  of 
the  neck  of  the  malleus  and  into  the  depression  found  on  the 
anterior  surface  of  the  head.  They  inclose  the  processus 
folianug  of  the  malleus. 

The  external  ligament  is  somewhat  fan-shaped.  It  springs 
from  the  external  roughened  surface  of  the  neck  of  the  ossicle, 
from  which  point  the  libers  diverge  to  be  inserted  into  the 
free  margin  of  the  inner  extremity  of  the  superior  wall  of  that 
portion  of  the  bony  meatus  formed  by  the  externa]  plate  of  the 
squama.  The  posterior  fibres,  according  to  Helmhollz,  form 
a  distinct  band  called  the  posterior  ligament  of  the  malleus.* 

This  portion  of  the  external  ligament,  together  with  the 
anterior  ligament,  forms  the  axis  band  of  the  hammer,  since 
the  axis  of  rotation  of  the  ossicle  is  approximately  a  line  drawn 
through  the  attachment  of  these  two  ligamentous  structures. 

The  superior  ligament  is  a  delicately  rounded  band  of 
fibrous  tissue  running  from  the  tegmen  tympani  downward 
to  the  head  of  the  malleus. 

The  Ligaments  of  the  Incus.— The  incus  is  bound  to  the 
tympanic  wall  by  a  single  fibrous  band,  the  posterior  liga- 

*  The  MediMiMn  of  the  Omdei.    Tnuislfttcd  bf  Buck  ind  Smith.  New  Voik, 
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nient,  which  extends  from  the  lateral  aspects  of  the  short 
process  near  its  extremity  to  the  posterior  wall  of  the  tym- 
panum. At  its  origin  it  is  dense  in  stniclure,  owing  to  the 
somewhat  limited  area  from  which  it  arises.  From  this  point 
the  fibres  diverge  rapitUy  and  divide  into  two  bundles  to  be 
inserted  into  a  broad  area  on  the  posterior  wall  of  the  tym- 
panum. On  adcouot  of  this  broad  insertion  it  is  sometimes 
called  the  fan-shaped  ligament  of  the  incus.  The  inferior  sur- 
face of  the  short  process  ties  in  a  shallow  depression  in  the 
tympanic  wall  called  the  sella  tncudis,  the  opposing  surfaces 
being  covered  with  cartilage. 

The  Ligaments  of  the  Stapes. — The  foot  plate  of  the 
stapes  is  confined  in  the  oval  window  by  the  stapedio-ves- 
fibular  or  annular  ligament.  The  margins  and  vestibular  sur- 
face of  the  foot  plate  and  the  periphery  of  the  oval  window 
are  covered  with  hyaline  cartilage,  the  annular  ligament  de- 
veloping from  the  perichondrium. 

Interossicular  Ligraments. — The  malleus  iind  incus  arc 
bound  tof^ctlicr  by  a  loose  capsular  ligament,  the  articular 
surfaces  ol  the  ossicles  being  covered  with  cartilage.  The 
incudo-stapcdial  articulation  is  similar  in  character. 

The  Eustachian  Tube. — Having  traced  the  bony  and  car- 
tilaginous framework  of  the  conducting  mechanism  inward 
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to  Ihc  point  where  it  joins  the  receptive  portion  of  the  audito- 
ry apparatus  at  the  oval  window,  wc  have  next  to  consider 
the  characteristics  of  that  passage  by  means  of  which  certain 
delicate  parts  of  this  system  can  be  protected  by  a  fibrous 
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covering  without  interfering  with  the  transmission  of  sound 
waves.  By  means  oi  the  canal  now  to  be  described  an  equal 
atmospheric  pressure  is  niainlained  upon  cither  side  of  this 
protecting  septum.  This  passage  is  the  Eustachian  tube.  It 
is  made  up  of  two  portions — the  tympanic  or  bony,  and  the 
pharyngeal  or  cartilaginous  portion — their  point  of  junction 
being  called  the  isthmus  of  the  tube.  The  osseous  segment 
is  about  half  an  inch  in  length,  and,  extending  frnm  a 
sotncwhat  wide  orifice  just  above  the  middle  of  the  internal 
wall  of  the  tympanum,  narrows  quickly  as  it  passes  down- 
ward, forward,  and  inward  through  the  substance  of  the  pe- 
trous portion  of  the  temporal  bone,  until  at  the  isthmus  its 
diameter  varies  from  one  twenty-fifth  to  one  twelfth  ol  an 
inch.  The  canal  is  irregularly  triangular  in  shape,  the  verti- 
cal diameter  being  double  the  transverse.  This  osseous  tube 
is  joined  at  the  isthmus  to  the  cartilaginous  portion  by  fibrous 
tissue,  the  parts  uniting  at  an  obtuse  angle,  the  opening  of 
which  is  directed  downward  and  forward.  The  pharyngeal 
portion  measures  about  an  inch  in  length,  and  at  the  isthmus 
its  lumen  corresponds  to  that  uf  the  osseous  channel.  As  it 
extends  downward  into  the  pharynx,  however,  it  grows  wider, 
and  at  the  pharyngeal  orifice  measures  from  one  eighth  to 
one  fifth  of  an  inch  in  diameter,  the  verticardiameter  being 
greater  than  the  transverse.  This  portion  of  the  canal  is 
fibrocartilaginous.  The  posterior  wail 
is  formed  by  a  plate  of  cartilage,  the 
upper  border  of  which  is  bent  first 
forward  and  then  downward,  so  that 
a  transverse  section  would  be  hook- 
shaped  (sec  Fig.  17).  The  space  in- 
closed  by  the  bending  forward  of  the 
cartilage  forms  the  superior  portion  of 
the  lumen  of  the  tube,  the  interval  be- 
tween the  free  margin  of  the  angular 
portion  and  the  lower  border  of  the 
cartilaginous  plate  being  filled  with 
fibrous  and  muscular  tissue,  thus  com- 
pleting the  canal.  We  see,  therefore, 
that  the  posterior,  superior,  and  a  small 
portion  of  the  anterior  wall  of  the  tube  is  cartilaginous,  while 
the  remainder  of  the  anterior  and  entire  inferior  wall  is 
fibrous,  the  passage  being  sHtlike  rather  than  circular  on  cross 
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section,  with  the  anterior  and  posterior  walls  in  contact  except 
at  the  u]>per  part.  The  membranous  tube  is  attached  to  the 
inner  extremity  of  the  bony  cana),  the  posterior  cartilaginous 
plate  uniting  with  a  prolongation  of  the  corresponding  bony- 
wall.  Beyond  the  isthmus  the  tube  is  suspended  from  the 
base  of  the  cranium  by  fibrous  bands  passing  to  its  superior 
wall,  until  it  terminates  in  the  lateral  aspect  of  the  pharyngeal 
vault. 

As  described  in  the  foregoing  pages,  the  conducting 
mechanism  consists  of  a  canal,  the  walls  of  the  central  por- 
tions being  osseous,  while  at  either  extremity  they  are  fibro- 
cartilaginous, communicating  upon  one  side  with  the  outer 
surface  of  the  body  directly,  while  upon  the  other  this  com- 
munication is  effected  indirectly  through  the  oral  and  nasal 
passages.  This  tube  is  brought  into  intimate  relation  with 
the  receptive  mechanism  through  the  agency  of  the  ossicular 
chain,  and  at  this  point  the  osseous  conduit  is  dilated,  forming 
the  tympanum.  This  chamber,  situale<l  midway  in  the  [las- 
sagc,  is  occupied  by  a  special  device  for  bringing  the  two 
portions  of  the  auditory  apparatus  into  relation  with  each 
other.  For  the  protection  of  the  intratympanic  parts  chiefly, 
and,  to  a  certain  extent,  to  aid  in  the  transmission  of  sonorous 
impulses,  a  hbrous  partition  divides  the  external  auditory 
meatus  from  the  tvmpanum  and  Eustachian  tube.  This  parti- 
lion  constitutes  the  membrana  tympani. 

The  Membrana  Tympani. — The  membrana  tympani  con- 
sists of  a  transverse  fibrous  septum,  lying  in  ihi;  middle  of  the 
conducting  tube,  and  bounded  by  the  tympanic  ring,  which. 
it  will  be  remembered,  is  incomplete  at  its  upper  part.  This 
connective-tissue  lamella,  callcfl  the  substantia  propria  of 
the  drum  membrane,  is  inserted  into  the  sulcus  tympanicus. 
At  the  point  of  insertion  the  fibrous  tissue  is  somewhat  thick- 
tened,  forming  the  annulus  tendinosus.  sometimes  called  the 
cnrtil-iginous  ring.  From  the  cartilaginous  ring  certain 
cunncctive-tissiie  fibres  extend  outward  to  the  periosteum  ol 

le  meatus,  while  others,  passing  in  the  opposite  direction. 

icrge  into  the  periosteal  lining  of  the  tvmpanum.  The  sub- 
itantia  propria  is  made  up  of  two  layers.  In  the  outer  layer 
the  fibres  radiate  from  the  tip  of  the  malleus  toward  the 
jjcriphcral  wall,  while  in  the  internal  layer  they  arc  disposed 
in  ctuiccntric  circles  about  this  point  as  a  centre.  The  manu- 
brium  of  the  malleus  joins  the  substantia  propria  through  the 
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jnterposition  of  a  thin  cartilaginous  lamella  which  extends 
along  its  outer  border  from  ihe  processus  brcvis  to  the  umbo, 
the  fibres  of  the  meinbrane  being  continuous  with  the  peri- 
chondrium  of  this  cartilaginous  plate.  At  the  tip  of  the 
manubrium  both  the  circular  and  radiating  fibres  arc  attached 
directly  to  the  ossicle,  while  above  this  point,  along  the  ex- 
ternal border,  the  attachment  is  effected  through  the  interpo- 
sition of  the  cartilaginous  plate  above  described.  This  carti- 
lage is  hrraly  fixed  at  the  tip  of  the  manubrium,  while  the 
attachment  at  the  short  process  is  less  firm  and  permits  of  a 
certain  amount  of  separation  from  the  short  process.  The 
superior  border  of  the  lamina  propria  joins  the  anterior  and 
posterior  extremities  of  the  annulus  tympanicus,  constituting 
a  tense,  fibrous  band,  divided  by  the  short  process  of  the  mal- 
leus into  two  parts.  The  sharply  defined  superior  margin  of 
the  membrana  propria  extending  from  the  processus  brevis  to 
the  posterior  extremity  of  the  annulus  is  called  the  posterior 
fold  The  corresponding  anterior  fold  is  less  prominent  and 
shorter  than  the  posterior.  From  the  description  it  will  be 
observed  that  the  Bbrous  septum  stretched  across  the  canal 
is  wanting  where  the  curved  outline  o!  the  annulus  is  com- 
pleted by  the  auditory  plate  of  the  temporal  bone.  This 
space  is  the  Rivinian  segment  or  notch,  and  its  closure  will 
be  explained  later,  since  it  is  effected  by  the  cutaneous  lining 
of  the  external  auditory  meatus. 

The  EpitheliaJ  Investment  of  the  Conducting  Apparatus. 
— The  auricle  is  covered  with  integument  which  is  continuous 
with  that  of  the  face.  It  is  somewhat  loosely  attached  upon 
the  posterior  surf.icc,  biit  upon  the  anterior  aspect  is  applied 
closely  to  the  cartilage,  the  deep  layer  being  intimately  asso- 
ciated with  the  perichondrium.  The  tcgumentary  covering 
of  the  auricle  is  continued  into  the  external  auditory  meatus, 
its  thickness  decreasing  as  wc  pass  inward,  until  in  the  bony 
canal  its  deep  layer  forms  the  periosteum.  The  cutaneous 
lining  of  the  meatus  along  the  supero-postcrior  wall  is  thick- 
er and  more  loosely  attached  than  elsewhere,  and  is  richly 
supplied  with  blood  vessels.  The  covering  of  the  superior 
wall  of  the  canal  passes  from  the  internal  margin  of  the  audi- 
tory plate  to  the  neck  of  the  malleus,  just  above  the  short 
process,  filling  up  the  Rivini.an  notch  and  completely  sepa- 
rating the  external  meatus  from  the  tympanum.  In  com- 
parison with  the  remaining  portion  of  the  membrana  tym 
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pani.  it  hangs  somewhat  loosely  from  the  canal  wall,  and  is 
called  the  merobrana  flaccida,  or  Shrapncn'B  membrane,  lis 
fibrous  layer  fs  particularly  well  developed  along  the  anterior 
and  posterior  borders,  causing  it  to  assume  a  somewhat  tri- 
angular shape.  These  distinct  fibrous  bands  conslilute  the 
fibres  of  Prussak.  They  extend  (rom  the  anterior  and  pos- 
terior extremities  of  the  Rivinian  segment  to  the  base  of  the 
processus  brcvis,  and,  passing:  along  the  manubrium,  arc  lost 
in  the  external  layer  of  the  membrana  propria.  The  space 
between  the  anterior  ligament  and  the  membrana  Hnccida  is 
called  Prussak's  space.  The  epilheliai  covering  of  the  meatus 
continues  over  Shrapncll's  membrane,  and  covers  completely 
the  external  surface  of  the  drum  membrane,  forming  its  ex- 
ternal or  epithelial  layer.  The  auricle,  the  meatus,  and  the 
superficial  layer  o(  (he  membrana  thus  constitute  an  elon- 
gated blind  pouch,  not  unlike  the  finger  of  a  glove,  the  drum 
membrane  answering  to  the  closed  tip  of  the  glove  finger. 

The  integument  of  the  auricle  is  supplied  with  sweat 
glands  and  sebaceous  follicles.  In  the  region  of  the  tragus 
and  antitragus.  and  for  some  distance  within  the  cartilaginous 
canal,  hair  follicles  arc  frequently  found.  The  sebaceous 
glands  in  the  meatus  are  somewhat  altered  in  structure,  con- 
stituting the  ccruminous  glands.  These  arc  not  distributed 
beyond  the  junction  of  the  cartilaginous  meatus  with  the 
osseous  portion,  except  for  a  small  area  along  the  upper  and 
posterior  wall,  where  they  encroach  slightly  upon  the  bony 
cinal.  The  gl-indsare  larger  upon  the  upper  waH  of  the  canal, 
and  are  most  numerous  at  the  junction  of  the  bony  with  the 
fibro-cartilaginous  portion. 

The  tympanum  and  Eustachian  tube  arc  lined  with  mu- 
cous membrane  continuous  with  that  of  the  na.so.pharynx. 
This  membrane  extends  outward  through  the  tube,  covering 
its  walls  and  forming  the  lining  of  the  tympanum.  It  passes 
over  the  internal  surlacc  of  the  membrana  tympani.  constitut- 
ing its  internal  layer :  in  various  localities  it  is  folded  upon 
itself  as  it  passes  over  the  various  iniratympanic  structures, 
giving  rise  to  the  so-called  reduplications  of  mucous  membrane 
within  the  tympanum.  The  most  constant  of  these  reduplica- 
tions constitute  the  anterior  and  posterior  pockets  of  the  mem- 
brana (Fig.  iS),  while  other  folds  whose  location  and  disposi- 
tion are  not  as  constant  are  also  met  with.  The  lining  in  the 
cartilaginous  portion  of  the  Eustachian  tube  is  thick  and  looso- 
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ly  attached,  being  thrown  into  longitudinal  folds  in  the  lower 
part.  In  the  osseous  tube  and  tympanum  it  is  closely  applied 
to  the  underlying  structures  constiliiting  the  periosteum.  The 
epithelium  is  of  the  cylindrical  ciliated  variety  in  the  tube  and 
in  the  lower  portion  of  the  tympanic  cavity,  according  to  Po- 
litzcr,*  it  changes  to  flat,  ciliated  cpithtlium  above. 

The  mucous  membrane  is  supplied  with  mucous  glands. 
which  are  extensively  developed  in  the  cartilaginous  tube  net 
the  pharyngeal  oriBcc,  and  diminish  in  number  in  Che  bon] 
tube  and  tympanic  cavity.  In  the  middle  car  they  arc  mostly 
confined  to  the  tubal  orifice,  although  they  are  occasionally 
found  over  the  promontory.  The  membranous  portion  of  the 
Eustachian  tube  is  quite  richly  supplied  with  lymphatic  tissue, 
which  occurs  both  in  the  diffuse  form  and,  aggregated  into 
masses,  in  the  form  of  true  lymphatic  nodules.  To  these 
Gerlacht  gives  the  name  of  tubal  tonsil.  The  presence  of 
this  lymphatic  tissue  has  also  been  demonstrated  by  Sappcy4 
Ostmaun,"  and  Tcuileubcn.|| 

The  Poclrls  cf  the  Mnnbrann  Tympani  and  other  Rtduplica- 
tiotts  of  the  Mucous  Mtmbrane  (Figs.  1 8  and  19). — The  pockets 
of  the  mcmbrana  tympani  arc  the  most  constant  of  the  rc- 


FlC.  IB.— The  pocliru  of 

the  meinhranii  i)rm. 
pnni.  {Ader  Zvck- 
erltanilt] 


Flfi.  \<\. — The  mailed  -  incudal 
■rticulntioti  covered  by  the 
(uperinr  tnnUcci-incu(l>r  fold. 
(ArierZuckciknndl) 


duplications  which  the  lining  of  the  cavity  forms.  The  rau- 
cous membrane  lining  the  tympanum  is  attached  firmly  to  the 
drum  membrane,  to  the  bony  internal  wall,  and  to  the  walls 
of  the  irregular  spaces  which  lie  between  the  membrana  tym- 
pani and  the  structures  contained  within  the  middle  ear  and 
in  immediate  relation  with  the  membrane.  After  being  re- 
flected over  the  contiguous  bony  and   ligamentous  parts  it 


*  I.«htb.  dcT  OhTcnheilk.,  Wi«n,  18^3,  p.  s8. 
t  Arch,  flir  Ohrcn.,  vol.  x.  p.  53. 

%  TniK  d'tnalomle  d^riiilive,  Paris,  1877,  p.  865. 

•  Virchow,  Archiv,  vol.  i»ii». 

I  ZcU.  fDr  AoBt.  unci  Entwicklungsgnchicbte,  (876,  vols.  iU  and  It,  p.  sgS. 
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hangs  downward  into  the  tympanic  cavUy  in  folds  somewhat 
like  a  curtain.  The  (rce  borders  of  these  lolds  are  sharply 
marked  and  constitute  the  folds  of  the  pockets.  The  anterior 
fold  lies  in  front  of  the  malleus,  and  the  posterior  behind  it. 
The  anterior  pocket  is  the  space  included  between  the  neck 
of  the  malleus  behind,  the  annuLus  tympanicus  in  front,  the 
membrana  tympani  on  the  outer  side,  and  the  spina  tyra- 
panica  major  and  the  anterior  ligament  on  the  inner  side.  At 
its  apex  it  sometimes  communicates  with  the  chamber  of 
Prussak.  The  posterior  pocket  is  larger,  and  is  traversed  by 
the  chorda  tympani  nerve  and  the  posterior  ligament  of  the 
malleus.  Its  free  border — the  posterior  fold — may  extend 
downward  as  far  as  the  middle  of  the  manubrium.  This  is  a 
point  of  practical  importance  in  middle-ear  operations,  since 
after  the  division  of  the  membrana  tympani,  this  fold,  if  ex- 
tensive, may  completely  hide  the  incus,  to  the  long  process  of 
which  it  is  frequently  Brnily  attached.  I  have  met  with  this 
condition  several  times,  and  unless  one  remembers  the  possi- 
bility of  such  an  anomaly,  its  presence  may  prove  a  source  of 
annoyance.  In  one  case  of  exploratory  tympanotomy  per- 
formed under  local  anaisthesia,  the  posterior  fold  was  long, 
thick,  and  adherent  to  the  descending  arm  of  the  incus  and 
to  the  membrana  tympani.  An  incision  through  the  mem- 
brana, instead  of  exposing  the  incudo-stapedial  articulation, 
brought  into  view  a  thick  vascular  lamella  of  mucous  mem- 
brane which  demanded  repeated  incision  before  the  long  arm 
of  the  incus  could  be  recognized  or  the  inner  wall  of  the  tym- 
panum seen.  In  another  instance  the  fold  was  thin,  but  in- 
vested the  incudo-stapedial  articulation  and  long  arm  of  the 
lincus  so  completely  that  exploratory  tympanotomy  revealed, 
limmediately  after  displacement  of  the  flap,  nothing  but  a 
Itraooth,  glistening  surface,  which  appeared  to  be  the  inner 
wall  of  the  middle  ear.  No  landmarks  could  be  made  out :  a 
fact  which  showed  that  the  inner  tympanic  wall  had  not  been 
exposed,  and  it  was  not  until  the  mucosa  was  divided  by  a 
vertical  incision  that  the  promontorv  and  the  niche  of  the 
ri>und  window  could  be  seen.  In  acute  inflammatory  condi> 
lions  I  have  seen  exudation  encapsulated  in  the  tympanum 
on  account  of  an  anomaly  in  the  posterior  pocket  The  boun- 
daries of  the  posterior  pocket  will  be  made  clear  by  bearing 
in  mind  those  of  the  anterior  space,  its  exact  analogue. 

The  other  mucous  folds  within  the  tympanum  will  not  be 


described  in  detail  on  account  of  their  endless  variety,  but  a 
general  account  of  their  usual  position  and  direction  is  neces- 
sary, since  ihcir  presence  is  often  o(  great  importance  both  as 
affecting  the  outcome  of  inflammatory  processes  within  the 
tympanum,  and  increasing  the  difficulty  of  certain  operative 
procedures.  These  folds  differ  from  the  true  lig.imcnts  only 
in  ihcir  density.  They  have  been  extensively  studied  by 
Blake,*  Bryant,!  Zuckerkandl4  and  others. 

In  general  they  may  be  classified,  according  to  their  direc- 
tion, as  vertical  or  horizontal,  and  accordinsf  to  their  situation- 
as  those  radiating  from  the  axes  of  the  long  bones,  those  dis- 
posed about  the  stapes  and  the  adjoining  tympanic  walls,  and 
those  stretching  from. the  ossicular  ligaments  and  the  tendons 
of  the  inlratynipanic  muscles  to  the  ossicles  and  to  the  tym. 
panic  walls.  The  horizontal  folds  may  completely  shut  off  the 
vault  of  the  tympanum  from  the  atrium,  and  the  vertical  folds 
may  be  so  extensive  as  to  inclose  the  entire  ossicular  chain 
except  the  manubnum  of  the  malleus. 

The  horizontal  folds  exert  an  important  influence  on  acute 
and  chronic  inflammatory  processes  within  the  middle  ear, 
their  presence  favoring  the  invasion  of  the  mastoid  process 
and  cranial  contents.  The  vertical  folds  not  only  act  as  ob- 
structors to  the  conduction  of  sound  by  their  weight  and  by 
the  increased  tension  which  they  cause,  but  are  of  great  aft- 
nuy:tncc  to  the  surgeon  in  the  performance  of  delicate  opera> 
tions  upon  the  tympanum,  as  they  may  completely  hide 
important  structures.  Their  presence,  therefore,  should  be 
borne  in  mind  in  the  consideration  of  all  pathological  pro- 
cesses  within  the  middle  car,  as  in  this  way  many  appear- 
ances which  are  otherwise  inexplicable  may  be  correctly 
interpreted,  or  an  operator  may  be  able  to  accomplish  an  end 
which  a  hasty  view  of  the  cavity  had  led  him  to  belicTC 
would  be  impossible.  It  need  only  be  remembered  that  no 
hard-and-fast  rule  can  be  given  for  their  location,  and  that 
almost  any  ol  the  folds  may  occur  tt^ether. 

The  Muscles. — The  muscles  of  the  conducting  mechanism 
include  lliosc  passing  from  the  auricle  to  the  skull,  the  in- 
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triosic  muscles  of  the  auricle  nnd  canal,  the  intratympanic 
muscles,  and  those  in  the  walls  of  the  Eustachian  tube. 

The  auricle  is  bound  to  the  skull  posteriorly  by  the  mas- 
toid fascia,  the  fibres  of  which  interlace  with  the  perichon- 
drium and  fibrous  tissue  of  the  canal,  and  anterioriy  by  the 
temporal  fascia,  which  is  firmly  attached  to  the  helix. 

The  fxtrinsic  muscles  arc  three  in  number,  and  are  uaim- 
portant  in  man,  though  in  some  of  the  tower  animals  they 
reach  a  high  degree  of  development.  They  arc  the  retrahcns 
aurcm,  attollcns  aureni,  and  attrahens  aurcm. 

/"//<•  retrahens  arises  from  the  mastoid  region  by  short 
aponeurotic  fibres,  and  is  inserted  into  the  cartilage  of  the 
auricle  upon  its  posterior  nnd  inferior  aspect.  Its  point  of 
origin  is  Axed  only  when  the  occipital  portion  of  the  occipito- 
frontal is  is  rigid. 

The  attrakem  arises  from  the  epicranial  aponeurosis  at  its 
lower  border,  and  is  inserted  into  the  spine  of  the  helix  upon 
its  cranial  surface. 

The  aliolti'Hs  arises  from  the  occipi to- frontalis  aponeuro- 
ris.  The  fibres  converge  to  the  point  of  insertion  upon  the 
upper  part  of  the  cranial  surface  of  the  auricle. 

Tke  inlriniic  mustles  consist  of  poorly  developed  bundles 
of  muscular  fibres  distributed  between  the  various  cartilagi- 
nous processes  of  the  auricle.  Theoretically,  their  action 
would  serve  to  alter  the  shape  ol  the  pinna,  but  from  their 
imperfect  development  they  arc  unimportant.  They  arc 
situated  chicRy  upon  the  external  surface  of  the  organ.  In 
the  external  meatus  a  lew  fibres  of  muscular  tissue  are  found 
mixed  with  the  fibrous  bands  which  fill  the  incisures  of  San- 
torini. 

A  muscular  slip  is  occasionally  found  extending  from  the 
styloid  prticcss  upward  to  the  cartilaginous  meatus. 

The  intrntympanic  mttuies  arc  the  tensor  tympant  and  the 
stapedius. 

7'he  tensor  arises  from  the  upper  wall  of  the  cartilaginous 
Eustachian  tube  and  from  the  walls  of  the  bony  canal  which 
taclosc  it.  It  enters  the  middle  car  through  an  osseous  con- 
duit at  a  point  just  above  the  tympanic  orifice  of  the  Eu> 
slachian  tube,  from  which  it  is  separated  by  a  thin  pl.ntc  of 
bone — the  processus  cochleariftirmis.  The  tympanic  extrem- 
ity of  this  process  is  pyramidal  in  shajie,  and  is  often  called 
the  anterior  pyramid.     The  tendon  winds  about  this  projec- 
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(ion  almost  at  a  right  angle,  cro&ses  the  cavity  of  the  middle 
ear,  and  ts  inserted  along  the  inner  border  of  the  shaft  of  the 
malleus  just  below  the  neck,  some  of  the  fibres  passing  ior  a 
considerable  distance  down  the  manubrium,  and  spreading 
somewhat  upon  its  anterior  surface. 

T/te  stapedius  arists  from  the  interior  of  the  pyramid 
found  upon  the  poster o-intcrnal  tympanic  wall  in  front  of 
and  below  the  aijucductus  Fallopii.  The  fibres  converge 
into  a  tendon  which  pierces  the  apex  of  the  pyramid  and  is 
inserted  into  the  neck  ol  the  stapes  at  the  point  of  union  with 
the  posterior  crus, 

The  muscles  of  the  Eustaekian  tubi  arc  the  tensor  palati,  or 
spheno-salpingo-staphyiinus,  and  the  levator  palati,  or  petro. 
salpingo-staphylinus. 

The  ttnt&r  ftalati  exerts  the  most  influence  upon  the  Uimen 
of  the  Eustachian  canal.  It  arises  from  the  scaphoid  fossa 
and  spine  of  the  sphenoid  bone  in  front  of  the  membranous 
portion  ol  the  tube,  some  of  its  fibres  springing  from  the  in. 
ferior  border  of  the  cartilaginous  hook.  The  muscle  then 
passes  downward  in  front  of  the  membranous  portion  of  the 
canal,  converging  into  a  tendon  which  winds  around  the 
hamular  process  of  the  sphenoid  and  expands  into  a  broad 
aponeurosis  which  is  inserted  into  the  anterior  surface  of  the 
soft  palate  and  into  the  posterior  bony  margin  of  the  hard 
palate,  the  fibres  uniting  with  those  of  the  opposite  side  in 
the  median  raph6. 

The  trjatoT  palati  springs  from  the  quadrilateral  surface 
on  the  inferior  aspect  of  the  petrous  bone,  near  its  apex,  and 
passes  downward,  forward,  and  inward  to  its  insertion  on  the 
posterior  and  superior  surface  of  the  soft  palate.  The  body 
of  the  muscle  lies  along  the  inferior  margin  of  the  cartilagi- 
nous  plate  which  forms  the  posterior  wall  of  the  tube,  to 
which  it  is  loosely  attached.  It  is  also  in  contact  with  the 
fibrous  inferior  wall. 

A  third  muscle,  sometimes  included  in  this  group,  is  the 
salpingo-pharyngeus,  a  muscular  slip,  which  runs  from  the 
body  of  the  palato-pharyngeus  upward  and  forward  to  be 
inserted  into  the  inferior  wall  of  the  tube. 

The  Arteries  (Plate  HI)  of  the  conducting  apparatus  are 
derived  chiefly  from  the  external  carotid  artery, although  a  few 
branches  spring  from  the  internal  carotid.  The  branches  ol 
the  external  carotid  supplying  the  auricle,  canal,  and  middle 
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ear  arc  the  [wstcrior  auricular,  the  superficial  temporal,  the 
occipital,  the  internal  maxillary,  and  the  ascending  pharyn- 
geal. 

The  poslerior  auricular  is  distributed  to  the  posterior  por- 
tion u(  the  auricle  and  the  corresponding'  part  of  rhe  meatus. 
Through  the  stylomastoid  branch  which  enters  the  stylo- 
mastoid foramen  it  supplies  the  mastoid  cells,  and  sends  a 
special  branch  to  the  stapedius  muscle  am]  to  the  stapes.  It 
anastomoses  with  the  superficial  petrosal  o(  the  middle  me- 
ningeal artery  within  the  tympanic  cavity,  and  with  the  tym< 
panic  branch  of  tlie  internal  maxillary,  forming  with  this  lat* 
ter  a  complete  vascular  circle  about  the  inner  extremity  of 
the  meatus. 

The  suftfrfidai  temforaU  through  the  superior  and  infe- 
rior anterior  auricular  arteries,  supplies  the  anterior  portion 
of  the  pinna  and  canal,  the  vessels  anastomosing  with  the 
branches  of  the  posterior  auricular  artery;  it  also  sends  a 
small  branch  to  the  tympanum  through  the  Glaserian  6ssure. 

Tkt  oecipiial  artiry  sends  branches  to  the  concha,  the  ves- 
sels entering  upon  its  cranial  surface. 

Tht  internai  maxiUary.  through  the  middle  meningeal  and 
tympanic  branches,  is  the  most  important  source  of  blood 
Supply,  especially  in  early  life.  Before  entering  the  cranium 
it  sends  a  few  twigs  to  the  Eustachian  tube.  Within  the 
skull  it  gives  off  the  superficial  petrosal,  which  enters  the 
tympanum  through  the  pctro-sciuamous  suture,  and  is  dis- 
tributed to  the  roof  of  the  middle  ear,  to  the  malleus  and 
incus,  and  to  a  portion  of  the  internal  tympanic  wall,  wliere 
it  anastomoses  with  the  labyrinthine  vessels,  according  to 
Polilzcr.*  Within  the  Fallopian  canal  it  communicates  with 
the  stylomastoid  branch  of  the  posterior  auricular. 

Thf  tympaHtc  branch  of  tht  inUrHai  maxiUary  enters  the 
middle  car  through  the  Glascrian  fissure,  supplying  the  ante- 
rior portion  of  the  cavity,  and  anastomoses  with  the  stylo- 
mastoid branch  of  the  posterior  auricular  upon  the  periph- 
ery of  the  tympanic  membrane.  In  early  life  this  artery  is 
much  larger  than  the  stylomastoid,  and  the  vascular  circle 
about  the  margin  of  the  membrane  from  which  the  numerous 
vessels  pass  outward  to  the  posterior  wall  of  the  meatus 
seems  to  spring  from  the  tympanic  branch  of  the  internal 
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maxillary ;  hence  this  artery  is  sometimes  called  the  auricu- 
laris  profunda. 

On  the  internal  wall  of  the  middle  ear  the  tympanic  artery 
anastomoses  with  the  tympanic  branches  of  the  internal  carotid 
and  with  the  Vidian  branch  of  the  internal  maxillary.  In  ad- 
dition to  the  two  branches  of  the  internal  maxillary  named 
above,  the  Vidian,  the  descending  palatine,  and  the  pterygo- 
palatine arteries,  all  springing  from  this  trunk,  send  small 
vessels  to  the  Eustachian  tube  and  to  the  tubal  muscles;  the 
descending  palatine  anastomoses  freely  with  the  ascending 
palatine  branch  of  the  facial  and  with  the  'ascending  pharyn- 
geal  branch  of  the  external  carotid  artery. 

In  its  passage  through  the  carotid  canal  the  internal  carotid 
sends  branches  to  the  tympanum,  which  anastomose  with  the 
tympanic  and  Vidian  branches  of  the  internal  maxillary. 

The  Veins  (Plate  IV). — The  veins  are  rather  irregular  in 
their  distribution,  but  in  general  follow  the  course  of  the  arter- 
ies. Most  of  the  vessels  from  the  deeper  regions  form  a  plexus 
upon  the  superior  and  supero-posterior  walls  of  the  external 
auditory  meatus ;  as  they  approach  the  orifice  of  the  meatus 
the  various  venous  channels  anastomose  freely  with  one  an- 
other. Those  on  the  posterior  aspect  of  the  canal  and  auricle 
pass  into  the  external  jugular  and  mastoid  veins,  while  the  an- 
terior branches  go  to  join  the  temporal  and  facial  veins.  '  Some 
of  the  deeper  vessels  pass  into  the  pterygoid  plexus.  The 
veins  of  the  Eustachian  tube  follow  the  course  of  the  arteries 
distributed  to  this  region,  and  empty  into  the  internal  jugular 
directly,  or  occasionally  communicate  with  the  facial,  the 
lingual,  or  the  superior  thyroid  veins.  Between  the  internal 
pterygoid  muscle  and  the  adjacent  wall  of  the  tube  a  trunk  of 
considerable  size  establishes  communication  with  the  cavern- 
ous sinus ;  near  the  pharyngeal  orifice  of  the  Eustachian  ca- 
nal there  is,  according  to  Zuckerkandl,*  a  venous  plexus  com- 
municating  with  the  turbinated  bodies  in  the  nasal  cavities. 
The  free  anastomosis  of  the  veins  which  return  the  blood 
from  the  deeper  portions  of  the  conducting  mechanism  is  of 
particular  importance  from  a  therapeutic  point  of  view,  since 
this  intercommunication  between  the  various  channels  is 
comparatively  superficial,  and  enables  us  to  relieve  deep- 
seated  congestion  by  phlebotomy.    The  combined  area  of 

•  Op.  lit.,  p.  38. 
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the  veins  IS  raucli  greater  ihan  that  of  the  arteries — a  fact 
which  in  itscK  tends  to  cause  the  spontaneous  resolution  of 
any  inflammalory  process  which  may  arise.  Within  the  iym- 
panum  the  circulatory  arrangement  is  somewhat  unitjuc.  the 
capillaries  being  very  short,  or  entirely  wanting;,  and  the 
arterial  blood  passes  directly  into  the  veins  without  the  inter- 
position of  the  capillary  system,  as  demonstrated  by  Prussak.* 

The  Lymphatics.— The  lymphatic  channels  are  (retly  dis- 
tributed and  anastomose  both  with  the  stiperticial  lyniph  glands 
and  with  those  forming  the  submucous  lymphatic  system  of 
llic  pharynx.  The  superficial  lymphatics  over  the  mastoid, 
the  lymph  nodules  in  front  ol  the  auricle,  and  those  situated 
in  the  cervical  rcg^ion  between  the  platysma  and  the  stcmo- 
mastoid  muscles  arc  all  intimately  associated  with  rhc  lym- 
phatic channels  of  the  meatus  and  tympanum,  while  free 
lymphatic  anastomosis  exists  in  ihc  opposite  direction  through 
the  medium  of  the  glands  situated  in  the  lateral  pharyngeal 
walls.  The  lymph  channels  of  the  niembrana  tympani  itself 
arc  arranged  in  three  systems,  one  for  each  layer.  These 
communicate  freely  with  each  other  and  with  the  lymphatic 
network  of  the  external  meatus. 

The  Nerves  (Figs.  20  and  21).— The  muscles  of  the  con- 
ducting apparatus  derive  their  innervation  from  the  trigem- 
inus,  the  facial,  and  the  cervical  plexus.  The  cennral  pivxus. 
through  the  occipitalis  minor,  supplies  the  attollens  aurero  ; 
the  trigeminus,  through  the  otic  ganglion,  supplies  the  tensor 
tympani  and  the  tensor  palati  mnsclcs ;  ^y\^^  facial  supplies 
the  other  muscles,  cither  directly  or  through  its  ganglionic 
communications. 

The  sensory  nerves  arc  derived  from  the  ccr^-ical  plexus. 
trigeminus,  pncumogastric,  and  the  glo«so-pharyngeal  trunks. 
The  anrieuio-temj^rai,  a  branch  o(  the  trigeminus,  supplies 
the  auricle,  the  upper  part  of  the  meatus,  and  the  merabrana 
tympani.  The  anritularis  magnus,  Iroin  the  cervical  plexus, 
is  distributed  principally  to  the  posterior  part  of  the  auricle 
and  meatus,  anastomosing  with  the  auricular  branch  of  the 
pncumogastric  upon  the  posterior  wall  of  the  canal. 

Tlu  auricutar  branch  0/  the  vaj^us  supplies  the  cartilagi- 
nous canal  and  a  portion  of  the  posterior  surface  of  the  auricle. 
The  tympanic  branch  of  the  ghsso'pkarytigeal  enters  the  mid- 


*  Aichiv  fiir  OhKnheilk.,  vol.  iv,  p.  990. 
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die  ear  ihroiigli  a  foramen  in  the  floor  of  the  caviiy,  and  is 
distributed  to  its  lining  nienibrane  and  lo  the  Eustachian  tube. 
Upon  the  internal  tympanic  wall  it  divides.  One  branch  anas- 
tomoses with  the  fibres  of  the  carotid  plexus  Ihrotigh  the  5ma//fl 
dec/'  petrosal,  ftirniing  tlic  tympanic  plexus;  another  nerve  twig 
passes  through  a  bony  foramen  in  the  legmen  tynipani,  to  assist 
in  forming  the  jmall  supcrHc'ml  petrosal  nerve  which  is  the  ■ 
facial  tributary  to  the  otic  ganglion;  a  third  emerges  from  the 
cavity  to  join  the  great  supcrHcial  petrosal  nervt,  which  is  de* 
rived  from  the  facial,  and  um'ies  with  ihe  great  deep  petrosal 
from  ihf  sympathetic  to  form  the  Vidian  nerve,  the  posterior 
niot  of  Meckel's  ganglicm, 

BrieHy.  wc  may  dcscril»c  this  complex  nervous  anasiomo-, 
sis  as  follows:   The  glosso-pharyngcal,  through  its  tynapanic' 


Fin. so. — Tbo  nervE««f  ihe  conducting  mcchaniiin,  •nd  lh«tT  anaktomoiic  bntndMK. 


branch,  anastomnses  with  branches  from  the  carotid  plcxus» 
upon  the  internal  wall  of  the  middle  ear,  forming  the  tym- 
panic plexus:  frftni  this  plexus  Uvo  branches  are  given  off,  one 
communicating  with  the  otic  ganglion,  the  other  with  Meckel's 
ganglion. 

We  have  yet  to  mention  the  chorda  tympani,  which,  emerg- 
ing from  the  a<]ua!<Uictns  l-sillnpii  siIkivc  the  pynimid.  crosses 
the  tympanic  cavity  from  behind  forward,  passing  between  the 
long  process  of  the  incus  and  the  manubrium  of  the  malleus. 
It  leaves  the  middle  ear  through  a  separate  canal  which  lies 
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close  to  the  Glascrian  fissure,  and  joins  the  Ungual  branch  of 
the  trigeminus. 

It  can  not  but  be  noticed  how  richly  the  conducting  ap* 
paratus  of  the  car  is  supplied  with  nerves,  especially  in  the 
deeper  and  more  delicate  parts.  More  will  be  said  upon  this 
subject  in  considering  the  physiology  of  the  conducting  mcch- 


1 1;.  '21  —  I  liL-  -let  ri;  •li\rtil>iiliuii  Willi  1 11  llm  tjmjjaiii  ini 

anism,  but  the  free  anastomosis  between  the  various  ncr\es 
should  be  particularly  borne  in  mind,  for  it  is  due  to  this  (act 
that  changes  within  the  external  or  middle  car  or  Eustachian 
lube  may  give  rise  to  remote  symptoms,  and  that  these  re- 
gions may  themselves  be  the  scat  of  rcHcx  disturbances. 

II.    The  RrcEPTivE  Mechanism. 

\Vc  have  now  described  that  part  of  the  apparatus  of 
audition,  concerned  in  the  transmission  of  sonorous  vibrations 
from  without,  to  the  point  where  they  are  brou^jht  into  im- 
mediate  relation  with  the  end  organ  of  the  auditory  nerve. 
Let  us  next  consider  the  structures  concerned  in  the  inter- 
pretation of  these  sonorous  viljrations. 

For  reasons  already  given,  \vc  include  under  this  general 
term,  not  only  the  internal  car.  but  also  the  auditory  nerve 
|Bnd  its  centers  of  origin,  as  well  as  the  various  avenues  of 
jmniunication  with  other  centers,  and  with  the  correspond- 
ing nuclei  of  the  opposite  side  and  with  the  cortical  area  of 
awiition  in  I  he  brain. 
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of  description,  the  course  o(  the  auditory 
.  be  followed  from  the  specialized  end  organ  found 
tette  Uifibth,  inward  toward  its  origin,  rather  than  in  the 
oy^ifKiatc  diroctioa,  which  would  be  more  strictly  correct  from 
■■  ■niTmriir  il  point  of  view. 

The  tntcmal  ear  comprises  tlie  osseous  and  membra- 
aovs  Ubjrinth,  the  former  being  a  scries  of  communicating 
cbambcrs  tunneled  in  the  petrous  portion  of  the  temporal 
booc  a&d  filled  with  fluid,  in  which  the  membranous  labj'rinth 
is  saspendcd.  This  latter  structure  consists  of  a  scries  of 
ttcmbranous  tubcs,also  filled  with  fluid,  called  the  endoIym|ph. 
They  follow  the  general  contour  of  the  osseous  passages  in 
which,  they  lie,  but  do  not  completely  (ill  them,  the  interven- 
ing space  being  occupied  by  the  perilymph. 

The  Bony  Labyrinth  (Fig.  22). — The  bony  labyrinth  may 
be  described  as  a  central  chamber  in  the  petrous  portion  of 


Fm- >!' — The  bony  Inhyrinth.  (Rddlnger,  HUVe'i  t»nsl«tion.)  i.  Round  wiodo*: 
a.  Lunina  ijiimlw  ovte*  ;  3,  Oacuu*  i^clijear  cmnal ;  4,  Vl-ytx  of  inlcnial  »udi- 
lory  m«liib ;  5.  VesUbulc  ;  (t,^.i,  9.  SemieircuJiir  c*Dali. 

the  temporal  bone,  called  the  vestibule,  from  which  various 
tortuous  channels  diverge.  This  central  chamber  is  ovoid  in 
shape,  the  vertical  diameter  being  the  greater  and  mcasur- 
ing  about  one  fourth  of  an  inch,  while  the  short  diameter  is 
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about  one  fifth  of  an  inch.  On  its  outer  wall  it  presents  a 
kidncy-shapcd  opening',  which  under  normal  conditions  is 
closed  by  the  foot  plate  of  the  stapes,  The  inner  wall  ex- 
hibits two  fossx,  separated  by  a  bony  spine  called  the  crista 
vesiibuli.  The  anterior  depression,  which  is  occupied  by  the 
saccule,  is  the  reccssus  sphericus;  the  posterior,  lodging  the 
utricle,  is  the  reccssus  ellipiicus.  Th«  poslerior  wall  presents 
the  openings  of  the  three  semicircular  canals;  these  openings 
are  five  in  number,  two  canals,  the  superior  and  posterior 
entering  the  vestibule  by  a  common  channel.  The  entrance 
to  the  cochlear  canal  takes  the  place  of  the  anterior  wall  ol  the 
vestibule.  On  the  inferior  internal  wall,  close  to  the  border 
of  the  reccssus  clHpticus,  there  is  a.  small  opening,  the  orifice 
of  the  aquxductus  vcstibuli.  Through  this  channel  the  cav- 
ities of  the  membranous  labyrinth  conimuiiicate  with  the 
subdural  space. 

The  stmicircHiar  atnais  are  three  in  number,  and  arc  so 
disposed  that  the  plane  of  each  canal  is  perpendicular  to 
that  of  the  other  two;  they  are  denominated  the  superior, 
postcrior.and  external  canals.  The  posterior  lies  in  the  vcr- 
tical  plane  o(  the  long  axis  of  the  petrous  portion  of  the 
temporal  bone.  The  superior  is  placed  at  right  angles 
to  this,  and  is  also  vertical,  while  the  external  canal  lies  in 
the  horizontal  plane.  As  the  name  implies,  each  of  these  bony 
passages  bends  upon  itself  to  form  a  semicircle,  the  point  of 
origin  and  termination  being  the  vestibule.  The  superior 
and  posterior  canals  terminate  in  this  cavity  by  a  comninn 
opening,  but  with  this  exception  each  communicates  with  the 
vestibule  by  two  openings,  one  of  which  may  be  considered 
the  source  and  the  other  the  terminus.  Where  the  outer  ex- 
tremity of  the  external  canal  enters  the  vestibule  the  lumen 
of  the  passage  becomes  dilated,  forming  what  is  known  as  an 
ampulla.  The  unjoined  vestibular  extremities  of  the  posterior 
and  superior  canals  are  also  ampullatcd. 

Thf  <r«A//<i.~Thc  entrance  of  this  passage  lies  at  the 
anterior  and  inferior  aspect  of  the  vestibule.  It  conr^ists  of  a 
bony  tube  coiled  two  and  a  half  times  about  an  osseous  axis 
'~thc  modiolus.  From  the  modiolus  a  thin  septum  of  bone 
— the  lamina  spiralis — made  up  of  two  thin  bony  plates,  ex- 
tends into  the  fumcn  of  the  tube,  partially  dividing  it  into 
two  channels.  This  bony  partition  does  not  extend  com- 
pletely across  the  canal  to  the  outer  wall,  the  intervening 
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space  being  bridged  by  a  membranous  septum,  which  com.. 
pletes  the  division  of  the  cochlear  tube.  This  fibrous  septum 
is  called  the  lamina  spiralis  membranacea.  The  lamina  spi- 
ralis at  its  free  border  divides  into  a  superior  and  inferior 
limbus.  The  space  inclosed  by  this  separation  is  called  the 
sulcus  laminae  spiralis.  At  the  apex  of  the  cochlea  the  par- 
tition which  divides  the  canal  into  two  distinct  channels  is 
incomplete ;  the  termination  of  the  septum  is  somewhat 
hook-shaped,  forming  the  hamular  process,  while  the  passage 
of  communication  between  the  superior  and  inferior  spaces, 
is  called  the  helicotrema.  The  terminal  half-turn  of  the  coch- 
lea forms  the  cupola,  and  in  this  region  the  lamina  spiralis 
ossea,  just  before  its  termination,  is  twisted  upon  itself  in 
such  a  manner  as  to  inclose  a  funnel-shaped  space  called 
the  infundibulum. 

The  modiolus  is  traversed  by  numerous  canals,  the  larg- 
est running  through  its  axis  and  named  the  canalis  cen- 
tralis modioli,  from  which  secondary  channels  diverge  into 
the  lamina.  At  the  junction  of  the  modiolus  with  the  lamina 
a  canal  ascends  spirally  between  the  layers  of  this  bony  sep> 
turn,  passing  to  the  very  apex  of  the  cochlea.  This  is 
called  the  canalis  spiralis  modioli.  The  lamina  spiralis  ossea, 
with  the  membranous  lamina,  divides  the  bony  cochlea  into 
two  passages,  as  already  stated.  The  lower  is  called  the 
scala  tympani,  the  upper  the  scala  vestibuli.  The  modiolus 
and  the  lamina  are  so  disposed  that  the  scala  tympani  does 
not  communicate  with  the  vestibule,  but  leads  into  the  tym- 
panic cavity  at  the  round  window.  In  fact,  we  may  consider 
the  cochlear  canal  as  beginning  at  the  fenestra  rotunda,  at  the 
inferior  external  angle  of  the  vestibule,  the  wall  at  this  point 
forming  the  modiolus.  As  the  first  turn  passes  forward  and 
then  upward  from  the  round  window,  the  contiguous  walls  of 
the  tube  and  of  the  vestibule  amalgamate  and  form  a  partition 
extending  into  the  tube,  which  divides  it  into  two  channels, 
the  upper  of  which  communicates  with  the  vestibule.  The 
bony  partition  thus  formed  does  not  extend  entirely  across 
the  tube,  and  the  septum  is  completed  by  the  membranous 
spiral  lamina.  Just  bej'ond  the  round  window  in  the  floor  of 
the  scala  tympani  a  narrow  canal  extends  to  the  inferior  sur- 
face of  the  petrous  bone.  This  is  the  aquasductus  cochleas,  and 
can  be  traced  to  the  subarachnoid  lymph  space;  it  affords  an 
avenue    of    communication    between   the  perilymph  and  the 
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intracranial  lymph  sac.  After  the  lamina  spiralis  ossea  sepa< 
rales  into  two  thin  plates  of  bone,  each  i:^  continued  as  a 
membranous  septum  as  far  as  the  outer  wall  of  the  cochlea. 
Here,  by  their  divei^cnce,  they  inclose  a  triangular  space, 
which  extends  from  the  round  window  to  the  apex  of  the 
cochlea,  in  a  spiral  direction ;  this  space,  converted  into  a  tube 
by  the  outer  wall  of  the  cochlea,  is  called  the  cochlear  canal 
or  scala  media.  Where  the  diverging  septa  join  the  outer 
bony  wall  of  the  cochlea  the  penusteum  is  thickened  and 
richly  supplied  with  blood  vessels,  especially  where  it  joins 
the  lower  lamella,  where  it  is  called  tlie  ligamenlum  spiralc. 

That  portion  of  the  mcmbr;inou$  septum  which  is  con- 
tinuous with  the  inferior  lamella  of  the  osseous  spiral  lamina 
passes  outward  in  the  same  plane  as  the  lamina  spiralis  ossea. 
and  becomes  the  mcmbrana  ba.silaris.  The  upper  leaflet 
forms  an  acute  angle  with  this,  and  is  called  the  membrane  of 
Heissncr. 

The  manner  of  formation  and  the  course  o(  the  various 
channels  having  been  described,  we  have  next  to  consider 
the  lining  membrane. 

The  walls  of  the  osseous  canals  and  vestibule  arc  covered 
by  delicate  librillaled  connective  tissue  rich  in  nuclear  ele- 
ments; this  is  applied  closely  to  the  osseous  walls,  constituting 
the  periosteum.  Its  surface  is  covered  with  flat  endothelial 
cells.  The  lumen  of  the  bony  semicircular  canals  or  peri- 
lymphatic space  is  traversed  by  delicate  bands  of  the  con- 
nective-tissue covering  of  the  osseous  walls,  which  pass  to  the 
outer  wall  of  the  membranous  canals,  thus  dividing  the  peri- 
lymphatic space  irregularly.  At  the  point  of  attachment  of 
the  membranous  canals  to  the  walls  of  the  passage  their  lin- 
ing membrane  is  thickened. 

The  Membranous  Labyrinth  (Fig.  23). — The  membranous 
labvrinth  consists  of  a  series  of  tubes,  formed  ol  delicate  con- 
ncctive  tissue,  lying  within  the  bony  channels  already  de- 
scribed. The  membranous simicircular  canals  terminate  in  the 
utricle,  which  lies  in  the  rccessusellipticus  vestibuU.  while  the 
membranous  cochlea  is  joined  to  the  saccule  by  a  very  narrow 
canal,  called  the  cnnalis  reunicns  licnscnii.  This  entire  scries 
of  tubes  is  Blled  with  a  clear  fluid  known  as  the  endolymph. 
Thus  far  wc  have  described  two  series  of  channels,  contain- 
ing fluid,  terminating  in  somewhat  spherical  chambers — the 
utricle  and  saccule.    The  membranous  cochlea  terminates  in 
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a  blind  pouch  (the  lagena)  at  the  apex  of  the  bony  passage 
in  whicli  it  lies.  From  the  adjacent  aspecl&of  ihe  utricle  and 
saccule  a  delicate  canal  is  given  ufT  which  coalcsccrs  into  a 
common  channel — the  ductus  cndol)''mphaticus.  This  trav* 
erscs  the  aquazductus  vcstibulj  and  terminates  in  a  blind  sac 
{Ihe  reccssus  of  Culogno)  upiin  the  pustciior  surlacc  of  ihc 
petrous  bone  beneath  the  dura.  According  to  Riidingcr,* 
the  cndolymph  may  pass  to  ihc  dural  lynijfh  spaces  through 
this  canal.    The  saccule  and  utricle  lie  upon  the  internal  wj 
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Kla.  9], — A'lull  incinl>rin.>u<  l*liyrinlh  (<ii;(niC'aci<}  )'ttcparatinn).  (Rctriu*.)  /.  I.1 
gcna ;  Hi,  Spiral  ligAtncnt ;  n^,  lia^ilar  mcmbninc  :  rtf,  Siri.i  vAwiilarii ;  mfj, 
Mernbnna  lymiMUii  s^ecundmlii ;  tjc.  Con.ilif^  Tvunidii  :  /,  Lower  end  a(  Hccule ; 
riu,  Canalid  ulrkuCu-Kiccultru  ;  iff,  [Juciui  cndulympkaiieiis:  j^^.  rfwicritirulricn- 
]ar  ninui ;  rn~,  Kecewm  utriculi :  aa.  ar.  ap,  Ampulhv  ur  nnteriur.  (.'ttetnal.  niiil 
posterior  cnnola ;  vh,  Vcittihulai  cnZ-dt-iat :  ca,  te,  (f,  .Semi circular  canaN  ;  n. 
Union  or  pQstciiar  and  ivipcriot  canals  ;  f^,  nf<,  rs,  ru,  nta,  roc,  liranclic»  (if 
auditory  nerve  lo  vnriouA  p»ili'i[ik  of  mcrnbianous  labyrinth  ;  mr.  Macula  acut- 
ticfl  af  (accule ;  /,  Fnci.il  ncrvt.-. 

of  the  bonv  vestibule,  but  do  not  fill  the  cavity  completely, 
considerable  space  being  left  between  them  and  the  outer 
wall.  The  intervening  space  is  filled  with  perilymph,  and  is 
called  the  cistenia  lymphalica.  It  is  of  practical  importance 
to  remember  that  the  dist:^ncc  Irom  the  inner  surface  of  the 
foot  plate  of  the  stapes  to  the  opposite  wall  of  the  membra- 
nous labyrinth  is  about  three  niilUmetrcs.  or  one  eighth  of  an 
inch.     In  the  same  manner  Ihc  lumen  of  the  bony  cochlea 


*  Aidi.  flii  Ohrctihcilk.,  toI  uvii,  p.  33a. 
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and  semicircular  canals  is  not  completely  filled  by  the  con- 
tained merobranous  structures;  these  latter  are  attached  to 
the  bony  walls  along  the  Hoc  of  their  convexity,  and  the 
periosteum  is  thickened  along  this  line.  Additional  support 
is  afforded  the  semicircular  canals  by  bands  oE  connective 
tissue  which  pass  from  the  outer  wall  of  the  membranous 
channel  to  the  osseous  wal!s. 

Regarding  the  microscopical  structure  of  the  membranous 
labyrinth,  it  may  be  described  as  made  up  of  a  framework  of 
connective  tissue,  the  outer  surface  being  covered  by  a  reflec- 
tion of  the  endothelial  layer  which  lines  ihc  bony  labyrinth. 
The  lining  of  the  irregular  cavity  is  of  much  greater  interest, 
since  it  constitutes  the  special  end  organ  of  the  auditory 
nerve. 

The  Sa<cuU  and  WrwA-.— Upon  the  internal  surface  of  the 
saccule  and  utricle,  in  the  region  corresponding  to  their  at- 
tachment to  the  bony  vestibular  wall,  there  is  a  mound  or 
papilla  which  encroaches  somewhat  upon  the  lumen  of  ihc 
cavity.  This  papilla  is  cnllcd  the  macula  aciistica,  and  is 
formed  by  the  aggregation  of  the  cells  which  form  the  lining 
of  the  space,  the  epithelium  changing  from  the  polygonal 
[avemcnt  variety  to  the  cuboidal.  and  then  to  the  cylin- 
drical form  as  it  approaches  the  region  of  the  macula.  The 
papilla  Itself  is  covered  i>y  a  specialized  epithelium,  the  cells 
appearing  under  two  forms,  cither  as  ciliated  or  hair  cells,  or 
as  supporting  cells  placed  between  those  before  named.  The 
supporting  cells  have  large  nuclei,  and  are  either  cuboidal  be- 
low near  the  base,  sending  a  delicate  process  to  the  surface, 
■  or  they  are  fusiform,  the  nucleus  lying  near  the  centre.  They 
icrrninate  in  elongated  processes,  one  of  which  lies  upon  the 
surface  of  the  papilla,  the  other  passing  to  the  basement 
membrane. 

The  hair  cells  are  elongated  protoplasmic  masses,  each 
r-with  an  ovoid  base,  from  which  the  body  gradually  tapers  to 
constricted  portion  called  the  neck,  just  below  the  superior 
extremity:  above  this,  the  cell  again  becomes  broad.  From 
the  free  extremity  of  each  cell,  ten  to  twelve  cilia^  project 
jnto  the  cavity ;  these  are  called  the  auditory  hairs.  Ac- 
)rding  to  Kaiser,*  whose  description  1  have  most  closely 
jllowed  here,  the  body  of  each  hair  cell  is  completely  sur- 
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rounded  by  a  delicate  envelope,  formed  hy  the  expansion  of  the 
axis  cylinder  of  a  single  nerve  (ibrilla.  although  the  axis  cylinder 
cannot  be  traced  with  certainty  into  the  cell  body.  The  sur- 
face of  the  macula  acustica  constitutes  the  membrana  limilans; 
this  is  reticular  in  structure,  and  through  its  spaces  the  audi- 
tory hairs  project.  In  hardened  specimens  the  auditory  hairs 
are  usually  matted  together,  and  the  macula  appears  to  be  cov- 
ered by  a  finely  fibrillated  gelatinous  substance,  in  which  some 
of  the  ciliary  processes  can  be  made  out.  Lying  between  Ihc 
ciliae.  upon  the  surface  of  the  macula  we  find  an  aggregation 
of  minute  crystals — the  otoliths — apparently  imbedded  in  the 
structureless  covering  of  the  mound.  The  agglulinaiiun  of  the 
auditory  hairs  is  probably  due  to  changes  ciTcctrd  in  the  eiv 
dotymph  by  fluids  used  in  hardening  the  specimens.  The 
macula  acuslica  of  the  utricle  and  saccule  are  identical  in 
structure.  In  the  ampulla:  similar  papilla:  arc  found,  and  arc 
here  called  the  cristac  acustica:.  The  crista:  acustica:  arc 
smaller  than  the  mactilx;  acustica:,  their  hair  cells  are  also 
less  developed,  and  the  individual  cilia;  can  not  be  made  out. 
In  hardened  specimens  the  apex  of  the  crista  has  the  same 
structureless  appearance  as  that  of  the  macula,  the  homo- 
geneous substance  surmounting  it  being  here  called  the  cu- 
pula. The  appearance  is  probably  due  to  the  action  of  the 
hardening  fluids  upon  the  cndolymph.  The  membranous 
canals  are  lined  wilh  polygonal  pavement  epithelium,  and 
present,  at  various  portions  of  their  course,  a  papillary  struc- 
ture.  No  nerve  elements  have  been  traced  to  ihc  interior  of 
the  canals. 

Tlie  Membrixnous  CochUa  or  Scata  Media. — This  passage  is  ■ 
joined  to  the  saccule  by  the  canalis  rcuniens  Hensenii,  and 
consists  of  a  membranous  tube,  triangular  on  cross  section, 
inclosed  between  the  membrane  of  Reissner  above,  and  the 
mcmbrana  basilaris  below.  Its  outer  wall  is  formed  by  the 
endothelial  lining  of  the  bony  cochlea.  At  its  lower  extremity 
the  canal  terminates  in  a  blind  pouch  at  the  round  window, 
the  ca; cum  vcstibuH,  the  basilar  membrane  completely  shut- 
ling  it  off  from  the  vestibule.  The  superior  blind  extremity  is 
called  (he  lagena.  The  superior  and  inferior  walls  are  formed 
by  a  continuation  of  the  divergent  lips  of  the  osseous  spiral 
lamina,  each  of  which  becomes  membranous  after  the  division 
of  the  bony  partition  into  two  plates,  and  extends  to  the  op* 
posite  bony  wall  of  the  cochlea.    The  inferior  membranous 
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wall  or  floor  is  called  the  mcmbrana  basilaris.  At  the  sulcus 
spiralis,  the  basilar  membrane  becomes  much  thickened,  (orm- 
ing  the  limbus  laminit'  spiralis,  or  crista  spiralis.  This  separates 
into  two  lips,  the  furrow  thus  formed  being  called  the  sulcus 
spiralis  intcrnus-  This  groove  is  lined  with  cuboidal  epithe- 
lial cells  which  pass  upward  to  the  vestibular  lip.  The  basilar 
membrane  stretches  from  the  tympanic  lip  of  the  crista  spira- 
lis to  the  spiral  ligament;  it  is  made  up  of  tightly  stretched 
transverse  fibres,  the  length  of  the  successive  fibres  increas- 
ing from  the  base  of  the  cochlea  to  the  apex.  The  tympanic 
surface  of  the  membrana  basilnris  is  covered  with  polygonal 
pavement  epithelium  continuous  with  the  lining  of  the  scala 
tympani. 

The  epithelium  of  the  upper  surface  of  the  basilar  mem* 
brane  is  cuboidal  for  a  short  distance  beyond  the  sulcus  spi- 
ralis intcrnus;  the  cells  tlicn  become  successively  columnar, 
and  farther  outward  undergo  certain  changes  (to  be  de- 
scribed later),  as  a  result  of  which  there  appears  to  be  a  ridge 
along  the  surface  of  the  basilar  membrane.  Closer  inspection 
shows  that  this  ridge  is  really  a  series  ol  arches.  Beyond 
this  ridge  the  cells  again  become  culxiidal.  This  longitudi- 
nal  ridge,  which  is  continuous  along  the  central  portion  of  (he 
basibr  membrane  from  the  round  window  to  the  lagcna,  a[>- 
pcars  as  a  papilla  in  a  vertical  section  of  the  cochlea,  and  is 
called  the  papilla  acustica  or  zona  tccta  of  the  membrane ; 
the  outer  portion  is  called  the  zona  pcctinata.  and  the  inner 
jthe  zona  perforata.  The  epithelium  of  the  zona  periorata  is 
cuboidal  and  pierced  with  nerve  fibres  which  reach  it  by 
passing  outward  from  between  the  lips  of  the  osseous  lamina. 
Where  it  joins  the  zona  tccta  the  cells  become  columnar,  and 
arc  called  the  inner  supporting  cells.  Next  to  these  is  a  sin- 
gle row  of  elongated  cells  terminating  above  in  cilire;  these 
arc  the  inner  hair-cellB.  Beyond  the  inner  hair-cells  lie  the 
inner  rods  of  Corii,  which  rise  from  the  basilar  membrane, 
and  form,  with  the  outer  rods,  an  arch  called  Corii's  arch. 

This  arch  can  be  plainly  seen  in  microscopic  specimens  (sec 
Fig.  24)  when  the  sections  are  made  perpendicular  to  the  basi- 
lar membrane,  since  it  extends  throughout  the  entire  length  of 
the  cochlea.  These  successive  arches  form  a  closed  passage 
or  tunnel  from  the  lowest  portion  of  the  cochlea  to  its  apex, 
covering  over  the  portion  of  the  mcmbrana  basilaris  between 
the  bases  of  the  inner  and  outer  rods.    The  inner  rods  arise 
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from  a  broad  base  and  extend  upward  and  outward  at  an 
angle  of  about  sixty  degrees.  Immediately  above  the  base 
the  cells  become  narrow,  transparent,  and  structureless;  tKcy 
terminate  in  a  club-shaped  upper  extremity  or  head,  which  is 
hollowed  out  on  its  outer  aspect  for  the  reception  of  a  corrc 
sponding  rounded  process  upon  the  outer  rods.  From  the 
head  of  each  inner  rod  a  process  extends  horizontilly  inward, 
separating  the  adjacent  hair  cells.  The  outer  rods  are  more 
numerous  than  the  inner,  and  make  an  angle  of  about  lorty- 
five  degrees  with  the  basilar  membrane;  they  arc  longer  than 
the  inner  rods,  but  of  the  same  shape,  and  their  club-shaped 
heads  lit  into  the  articular  process  upon  the  outer  surface  of 
the  head  of  the  corresponding  inner  rod.  The  outer  cells 
being  greater  in  number  than  the  inner,  each  member  of  the 


ftii.  34.^-Vciiii:al  ^L'Ciion  at  ilic  Mciiibraiiau>i  coclilca..  (Kcliiu».)  fi,  UmbiM  tanii 
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latter  scries  supports  two  or  three  of  the  external  fibres  of 
Corti.  Beyond  the  outer  rods  there  are  found  from  three 
to  five  rows  of  hair-cells,  of  the  same  general  structure  as 
those  observed  in  the  zona  perforata.  They  rise,  however, 
almost  perpendicularly  from  the  basilar  membrane,  thus  leav-, 
ing  a  space  between  the  outer  rods  and  the  inner  row  of  hair 
cells,  known  as  Nuel's  Space.  The  rows  of  outer  haircclls 
are  separated  from  each  other  by  the  cells  of  Deiters.  These 
are  broad  at  their  base,  but  narrow  as  they  appr<»ach  the  sur- 
face,  and  are  marked  along  their  inner  border  by  a  bright 
line  which  runs  the  entire  length  of  the  cell  from  the  upper 
to  the  lower  extremity.  The  upper  extremity  of  this  bright 
line,  called  the  supporting  fibre,  terminates  in  a  delicate 
lamella  or  phalanx;  the  contiguous  phalanges  form  by  their 
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union  a  reticular  membrane,  through  the  interstices  of  which 
the  outer  hair-cclls  pniject.  ncyomi  the  cells  tif  Detters  the 
cpitticlium  again  becomes  columnar,  lorming  the  outer  su]> 
porting  ccHs,  beyond  which  it  resumes  gradually  the  form 
found  in  the  zona  pcctinata. 

The  membrana  reticularis  is  formed  by  tKe  union  of  the 
phalanges  ot  the  supporting  fibres  of  Deiters's  cells;  its  outer 
limit  is  poorly  defined.  It  passes  inward  from  the  inner  row 
ol  Deiters's  cells  to  the  summit  of  Corti's  arch,  to  which  it  is 
attached. 

Tht  Membrane  of  Corti,  or  Mnnhrana  Ttcloria. — This  Is 
a  gelatinous  mcmhrane  arising  from  the  upper  border  of  the 
sulcus  spiralis  inlcmus,  just  below  the  attachment  of  Rcissncr's 
membrane,  and  extending  mitward,  over  the  papilla  acustica, 
beyond  the  outer  row  of  Deiters's  cells ;  it  is  intimately  con- 
nected with  the  hair-celts,  but  in  exactly  what  manner  is  still 
a  mooted  question.  The  hair  cells  are  supposed  to  be  the 
specialized  end  organ  of  the  cochlear  nerve;  the  nerve  fibres 
pass  through  the  zona  perforata  as  naked  axis  cylinders,  and 
have  been  traced  by  Katz*  to  the  interior  of  the  inner  hair 
cells.  Delicate  fibrillar  also  cross  beneath  the  arch  of  Corti, 
and  have  been  traced  to  the  outer  of  Deiters's  cells  and  to 
the  outer  hair  cells  which  they  probably  enter,  although  this 
b  not  ccrl.iin. 

Having  described  the  peripheral  termination  of  the  au- 
ditory nerve,  we  will  next  follow  its  fibres  backward  to  the 
main  trunk. 

From  the  cochlear  hair-cells  the  filaments  pass  inward  be- 
tween the  layers  of  the  osseous  spiral  lamina,  resume  their  me* 
dullatetJ  layer,  and  unite  to  form  the  cochlear  branch  of  the 
auditory  nerve  in  the  tubulus  centralis  modioli.  Where  the 
fibres  of  distribution  radiate  from  the  central  trunk  within  the 
modiolus  a  ganglionic  enlargement  is  found,  called  the  spiral 
ganglion.  From  the  cristx  aciisticn:  and  macula:  acustica: 
the  nerve  filaments  pass  through  minute  foramina  in  the  walls 
of  the  bony  labyrinth.  The  nerve  filaments  unite  to  form  the 
vestibular  branches  of  the  auditory  nerve,  the  fibres  from  the 
saccule  forming  the  inner  branch,  those  from  the  utricle  and 
ampulla  of  the  external  and  superior  canals  the  superior 
branch,  and  those  from  the  ampulla  of  the  posterior  canal  the 
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inferior  branch.    These  foramina  constitute  the  macula  cri> 

brosa  of  the  fovea  spherica.  and  fovea  clliplica. 

The  Blood  Supply  of  the  Labjrrinth  (Plate  V),— 7*Af 
Arteries. — The  blood  supply  is  derived  from  the  internal  audi- 
tory  artery,  a  branch  of  the  basilar.  The  artery  accomjanies 
the  auditory  nerve  to  the  bbyrinth,  where  it  divides  into  two 
branches,  the  one  supjilying-  the  vestibule  and  semicircular 
canals,  the  other  following  the  cochlear  branch  of  the  nerve  to 
the  cochlea,  where  minute  vessels  pass  outward,  forming  an 
arterinl  plexus  for  the  supply  of  the  membranous  cochlea.  The 
minute  vessels  radiate  from  the  larger  arterial  twigs  toward 
the  outer  labyrinthine  walls  of  ihescala  vestibutiandscala  tym> 
pani,  but  are  most  prominent  in  the  walls  of  the  scala  vcstibuH. 

Tfu  Veins. — The  veins  follow  the  same  general  course  as 
the  arteries,  the  smaller  branches  uniting  to  form  three  main 
channels — the  vein  of  the  cochlear  aqueduct,  the  vein  of  (he 
aquieductus  vestibuli.  and  occasionally  a  third  vessel  is  found. 
the  internal  auditory  vein,  although  this  is  the  least  constant 
branch. 

The  vein  of  the  aquxductus  cochlcx  passes  through  the 
cochlcaraqueduct  to  the  internal  jugular.  The  vestibular  vein 
joins  thesuperior petrosal  sinus,  leaving  the  labyrinth  through 
the  aquxductus  vestibuli,  while  (he  internal  auditory  vein  ac 
companies  the  artery  of  the  same  name  and  empties  into  either 
the  transverse  or  inferior  petrosal  sinus. 

The  terminal  branches  of  the  venous  channels  anastomose 
freely  with  one  another,  forming  spiral  plexuses  or  loops.  In 
general,  it  may  be  said  that  the  blood  current  enters  the  laby- 
rinth upon  one  aspect,  and,  instead  of  forming  a  complete  cir- 
cuit and  fmding  an  exit  in  the  same  region,  passes  out  on  the 
Opposite  side  of  the  labyrinthine  cavity,  the  chief  avenue  of 
venous  discharge  from  the  cochlea  being  the  vein  of  the  coch- 
lear aqueduct. 

Boettecher*  describes  a  capillary  twig  running  along  the 
tympanic  surface  of  the  basilar  membrane  under  the  arch  of 
Corti,  which  he  calls  the  vas  spiralc  of  the  cochlea.  Its  exist. 
ence  has  beendenied  by  Berlhold.fand  Siebcnmann.J  Eichler* 

*  Arcli.  fUr  OhrenKciik,  val.  xxiv,  p.  t, 

t  Schu^nze's  Mandli.  dcr  Ohrenheilk.,  1893,  vol,  i,  p.  71 1. 
t  Arch.  fBr  OhrenhcilU.,  vol.  xxxv,  p.  I15. 

*  Abhnndl.  A.  malh.  pbys.  Klass«  <!er  V.  »ach.  GeseU.  dcr  ^VI(sms:naft  do  ptijrsi- 
olcg.  Iiut.  Ill  Lcijide,  tSgA,  voU  xviii,  No.  s.  p.  311. 
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Space  being  bridged  by  a  membranous  septum,  whicb  com. 
pletcs  the  division  of  the  cochlear  tube.  This  fibrous  septum 
is  called  the  lamina  spiralis  raembranacea.  The  lamina  spi- 
ralis at  its  free  border  divides  into  a  superior  and  inferior 
Kmbus.  The  space  inclosed  by  this  separation  is  called  the 
sulcus  laminae  spiralis.  At  the  apex  of  the  cochlea  the  par- 
tition which  divides  the  canal  into  two  distinct  channels  is 
incomplete;  the  ternnnalion  of  the  septum  is  somewhat 
huok-stiapcd,  forming  the  hainular  process,  while  the  passage 
o(  communication  between  (he  superior  and  inferior  spaces 
is  called  the  helicotrema.  The  terminal  half-turn  of  the  coch- 
lea forms  the  cupula,  and  in  this  region  the  lamina  spiralis 
ossea,  just  before  its  termination,  is  twisted  upon  itself  in 
such  a  manner  as  to  inclose  a  funnel-shaped  space  called 
the  infundibulum. 

The  modiolus  is  traversed  by  numerous  canals,  the  larg. 
est  running  through  its  axis  and  named  the  canalis  cen- 
trali:i  modioli,  from  which  secondary  channels  diverge  into 
the  lamina.  At  the  junction  ol  the  modiolus  with  the  htmina 
a  canal  .iscends  spirally  between  the  layers  of  this  bony  scj> 
turn,  passing  to  the  very  apex  ol  the  cochlea.  This  is 
called  the  canalis  spiralis  Tnodioli.  The  lamina  spiralis  ossea, 
with  the  membranous  lamina,  divides  the  bony  cochlea  into 
two  passages,  as  already  stated.  The  lower  is  called  the 
scala  lympani,  the  upper  the  scala  vestibuli.  The  modiolus 
and  the  lamina  arc  so  disposed  that  the  scala  tympani  docs 
not  cornmunicate  with  the  vestibule,  but  leads  into  the  tym- 
panic cavity  at  the  round  windo»v.  In  fact,  we  may  consider 
the  cochlear  eanal  as  beginning  at  the  fenestra  rotunda,  at  the 
inferior  external  angle  of  the  vestibule,  the  wall  at  this  point 
forming  the  modiolus.  As  the  first  turn  passes  forward  and 
then  upward  from  the  round  window,  the  contiguous  walls  of 
the  tube  and  of  the  vestibule  amalgamate  and  form  a  partition 
extending  into  the  tube,  which  divides  it  into  two  channels, 
the  upper  of  which  communicates  with  the  vestibule.  The 
bony  partition  thus  formed  does  not  extend  entirety  across 
the  tube,  and  the  septum  is  completed  by  the  membranous 
spiral  lamina.  Just  beyond  the  round  window  in  the  floor  of 
the  scala  tympani  a  narrow  canal  extends  to  the  inferior  sur. 
face  of  the  petrous  bone.  This  is  the  aqua;ductU5  cochlese.and 
can  be  traced  to  the  subarachnoid  lymph  space;  it  affords  an 
avenue  of  communication  between  the  perilymph  and  the 
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intracranial  lymph  sac.  After  the  lamina  spiralis  ossea  sepa- 
rates into  two  thin  plates  of  bone,  each  is  continued  as  a 
membranous  septum  as  far  as  the  outer  wall  of  the  cochlea. 
Here,  by  their  divergence,  they  inclose  a  triangular  space, 
which  extends  from  the  round  window  to  the  apex  of  the 
cochlea,  in  a  spiral  direction ;  this  space,  converted  into  a  tube 
by  the  outer  wall  of  the  cochlea,  is  called  the  cochlear  canat 
or  Scala  media.  Where  the  diverging  septa  join  the  outer 
bony  wall  of  the  cochlea  the  periosteum  is  thickened  and 
richly  supplied  with  blood  vessels,  especially  where  it  joins 
the  lower  lamella,  where  it  is  called  the  ligamcntum  spiralc. 

That  portion  of  the  membranous  septum  which  is  con- 
tinuous  with  the  inferior  lamella  of  the  osseous  spiral  lamina 
passes  out%vard  in  the  same  plane  as  the  lamina  spiralis  ossea, 
and  becomes  the  nicmbrana  basibris.  The  upper  leaflet 
forms  an  acute  angle  with  this,  and  is  caEled  the  membrane  of 
Reissner. 

The  manner. of  formation  and  the  course  of  the  various 
channels  having  been  described,  we  have  next  to  consider 
the  lining  membrane. 

The  walls  of  the  osseous  canals  and  vestibule  are  covered 
by  delicate  fibnitatcd  connective  tissue  rich  in  nuclear  ele. 
mcnis :  this  is  applied  closely  to  the  osseous  walls,  constituting 
the  periosteum.  Its  surface  is  covered  wilh  flat  endothelial 
cells.  The  lumen  o(  ihe  bony  semicircular  canals  or  peri- 
lymphatic  space  is  traversed  by  delicate  bands  of  the  con- 
nective-tissue covering  of  the  osseous  wails,  which  pass  to  the 
outer  wall  of  the  membranous  canals,  thus  dividing  the  peri- 
lymphatic space  irregularly.  At  the  point  of  attachment  of 
the  membranous  canals  to  the  walls  of  the  passage  their  lin- 
ing membrane  is  thickened. 

The  Membranous  Labyrinth  (Fig.  23). — The  membranous 
labyrinth  consists  of  a  series  of  tubes,  formed  of  delicate  con- 
ncctivc  tissue,  lying  within  the  bony  channels  already  de. 
scribed.  The  membranous  simicircular  canals  terminate  in  the 
utricle,  which  lies  in  the  reccssus  ellipticus  vcsiibuH.  white  the 
membranous  cochlea  is  joined  to  the  saccule  by  a  very  narrow 
canal,  called  Ihe  canalis  reuniens  f  Icnsenii.  This  entire  series 
of  tubes  is  filled  with  a  clear  fluid  known  as  the  cndolymph. 
Thus  far  we  have  described  two  scries  of  channels,  contain- 
ing  lluid,  terminating  in  somewhat  spherical  chamtrcrs — the 
utricle  and  saccule.    The  membranous  cochlea  terminates  in 
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the  corpora  quadrigemina  through  the  fillet,  a  small  bundle 
passes  to  the  spinal  cord,  a  third  passes  to  the  region  of  the 
abducens  nucleus  and  communicates  with  it,  while  a  fourth 
bundle  of  fibres  passes  to  the  cerebrum.  From  the  tubercu- 
lum  acuslicum  a  small  bundle  oi  fibres  crosses  the  median 
line  to  (he  opposite  fillet,  uniting  with  those  which  pass  be- 
tween the  olivary  body  and  the  posterior  of  the  corpora  quad- 
rigemina of  this  side. 

To  recapitulate  brictly,  most  of  the  fibres  from  either 
cochlear  ner\'e  pass  to  the  opposite  side  of  the  brain  through 
the  trapezoid  bodies  to  the  opposite  olive,  then  through  the 
fillet  to  the  posterior  quadrigeminal  txxty,  accompanied  by  a 
lew  titamcnts  from  the  tubcrculum  acusticum.  A  small  pro- 
portion ol  the  fibres  in  the  cochlear  nerve  in  question  do  not 
cross,  but  i>ass  to  the  cortical  centres  of  the  corresponding 
wlc  of  the  brain  through  the  olive  of  this  side.  The  course 
nl  ihc  fibres  from  the  corpora  quadrigemina  has  not  been  defi- 
nitely made  out,  although  the  position  of  the  nuclei  in  the 
mc\liilta  and  the  decussation  ol  the  tibrcs  has  been  verified 
hy  physiological  experiment.  After  entering  the  corpora 
^^tt&drigcmina  the  fibres  arc  supposed  to  pass  to  the  poste- 
n^>r  third  of  the  internal  capsule,  and  from  there  to  the  first 
*nd  second  temporal  convolutions,  this  being  the  auditory 
centre  in  the  cortex  according  to  the  most  recent  investjga- 
Itons. 

The  Vfstibuiar  M-rw.— The  vestibular  nerve  arises  from 
the  internal  or  dorsal  nucleus,  close  to  the  vagus  centre,  but 
superficial  to  this.  Branches  originating  in  this  collection  of 
nerve  cells  cross  the  raph6,  embracing  in  their  course  the 
nucleus  ol  the  sixth  nerve  and  pass  to  the  cerebral  cortex, 
although  the  exact  course  which  they  follow  is  undetermined. 
A  large  fasciculus  extends  to  the  cerebellum,  passing  first 
through  the  pons,  then  the  vermis,  and  finally  terminates  in 
the  corresponding  cerebellar  hemisphere  -and  in  that  ol  the 
opposite  side.  The  dorsal  nucleus  communicates  with  the 
spinal  cord  through  a  fasciculus  which  passes  downward  and 
inward  between  the  olivary  bodies. 

Besides  the  cochlear  and  vestibular  roots,  the  auditory 
trunk  contains  a  bundle  of  fibres  which  emerge  between  the 
roots  already  described.  These  arise  from  an  aggregation  of 
cells,  called  Deiters's  cells,  lying  in  the  medulla  between  the 
anterior  nucleus  and  the  olivary  body.    The  branches  of  com- 


THE  AUDITORY  NERVE. 


47 


munication  with  the  other  nuclei  of  the  eighth  nerve  and  with 
other  cerebral  centres  are  undelerinined. 

We  thus  appreciate  the  complexity  o(  the  central  portion 
of  the  acoustic  apparatus,  and  may  realize  what  manifold 
causes  may  exist  for  impairment  or  perversion  of  function. 
We  must  bear  in  mind  that  any  disturbance  of  audition  of 
nervous  origin  ni^ay  be  variously  located  at  any  point  between 
the  cochlea,  which  represents  the  end  organ  of  the  auditory 
nerve,  and  the  first  and  second  temporal  convolutions  of  the 
cerebrum,  which  represent  the  cortical  auditory  area.  The 
fibres  from  the  cochlea  of  either  side,  according  to  our  descrip- 
tion, pass  through  the  cochlear  nerve  to  the  ventral  nucleus 
and  to  the  tubcrculum  acusticum,  most  of  the  fibres  passing 
to  the  superior  olive  of  the  opposite  side  through  the  corpora 
trapezoides,  and  then  to  the  corresponding  posterior  quadri- 
geminal  body  through  the  fillet :  thence  to  the  posterior  third 
of  the  internal  capsule,  and  thence  to  the  first  and  second 
temporal  convolutions.  A  smaller  collection  of  fibres  from 
the  anterior  or  ventral  nucleus  passes  to  the  olive  of  the  same 
side,  through  the  trapezoid  body  and  to  the  cortical  area  of 
this  side,  following  a  course  similar  to  that  pursued  by  the 
fibres  from  the  opposite  olivary  body;  from  this  olivary 
body  other  fibres  pass  to  the  cerebellum,  to  the  spinal  cord, 
and  to  the  abducens  nucleus. 

The  portion  of  the  cochlear  nerve  terminating  in  the  tubcr> 
culum  acusticum  sends  a  few  decussating  fibres  to  the  oppo- 
site fillet,  its  only  other  communication  being  that  afforded 
by  its  immediate  proximity  to  the  anterior  nucleus. 

The  veslibularnervc  twigs  amalgamate  into  a  trunk,  which 
terminates  in  the  internal  or  dorsal  nucleus,  from  which  fibres 
jwiss  to  the  spinal  cord,  to  the  cerebellar  hemisphere  of  the 
same,  and  to  that  of  the  opposite  side,  and  probably  lo  the 
opposite  cerebral  hemisphere.  The  communication  with  the 
cerebellum  is  the  most  extensive,  and  this  portion  of  the  brain 
constitutes  the  important  terminus  of  the  vestibular  branch 
of  the  auditory  IruDk. 


CHAPTER  II. 

THE  PHYSIOLOGY  OF  THE  EAR. 

In  order  to  understand  the  manner  by  which  sound  per- 
ception is  effected,  it  will  be  well  to  recall  the  physical  prin- 
ciples involved  in  sound  production  and  transmission. 

Sound  is  a  mode  of  motion  produced  by  the  vibration  of 
matter.  Vibrations  are  transmitted  to  the  organ  of  hearing 
through  any  elastic  medium."  If  the  vibrations  succeed  each 
other  at  regular  intervals  and  with  sufficient  rapidity  they 
affect  the  car  collectively,  rather  than  as  separate  impulses, 
and  produce  what  is  known  as  a  musical  sound.  If  the  im- 
pulses are  irregularly  repeated,  or  if  the  interval  between 
each  is  of  considerable  duration,  the  impression  constitutes 
a  noise,  each  act  of  transmutation  of  energy  into  motion 
producing  an  effect  upon  the  receptive  centres.  When  the 
impulses  follow  each  other  at  a  rate  of  less  than  sixteen  per 
second  they  are  observed  singly  ;  but  if  at  a  greater  rapidity, 
the  sound  becomes  musical  and  continuous.  According  as 
the  rate  of  vibration  is  slow  or  rapid,  the  note  is  of  low  or 
high  pitch,  until  finally  the  vibrations  follow  each  other  so 
rapidly  that  the  ear  no  longer  appreciates  them.  From  this 
we  see  that  the  car  possesses  certain  limits  of  perception  for 
musical  sounds,  between  which  all  regularly  recurring  vibra- 
tions impress  the  organ  in  a  certain  definite  way.  These 
limits  are  called  the  tone  limits  of  the  ear,  and  range  from 
about  sixteen  double  vibrations  per  second  to  thirty-two  thou- 
sand five  hundred  double  vibrations  per  second. 

It  will  be  understood  that  the  figures  given  represent  the 
average  limits  only,  in  certain  instances  the  lower  limit  being 
somewhat  below  the  one  given,  while  the  upper  limit  may  be 
higher.  Quite  distinct  from  the  pitch  of  a  note  is  its  intensity 
or  loudness;  this  depends  upon  the  amplitude  or  extent  of 
each  individual  vibration.  Although  depending  upon  entirely 
different  physical  conditions,  pitch  and  intensity  are,  to  a  cer- 
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taiQ  extent,  related,  since,  as  the  vibrations  increase  In  num- 
ber, the  space  traversed  during  each  unit  of  Itnie  by  a  vibrat- 
ing body  must  be  less.  We  quite  unconsciously  prove  the 
truth  of  this  statement  when  wc  remember  that  we  associate 
loud  sounds  with  high,  shrill  notes,  while  the  reverse  is  true 
of  tones  o(  the  lower  portion  of  the  register.  In  other  words 
a  given  force  will  produce  a  more  intense  sound  if  it  acts  upon 
a  body  in  such  a  manner  as  to  produce  molecular  vibrations 
rather  than  vibrations  fn  masse. 

For  convenience  in  recordinf^  the  various  rates  of  vibration, 
a  tuning  fork,  or  other  sounding  body  making  sixteen  double 
vibrations  per  second  (V.  I),),  may  be  called  C-*;  one  making 
double  this  number  of  vibrations  would  be  called  C-" ;  the 
two  notes  diflering  from  each  other  by  an  octave.  This  divi- 
sion of  the  musical  scale,  should  be  remembered  as  indicating 
that  when  two  musical  notes  diflcr  from  each  other  by  an 
octave  the  rales  of  vibration  arc  as  two  to  one. 

Jn  the  above  we  have  considered  simple  vibrations  only  ; 
but  it  is  to  be  remembered  that  a  note  is  seldom  heard  ab- 
solutely pure,  but  is  accompanied  by  tones  of  higher  pitch  in 
the  musical  scale.  These  are  called  overtones,  and  they  modily 
the  character  of  the  fundamental  note.  These  overtones  give 
the  individuality  or  quality  to  the  various  instruments  used  in 
an  orchestra,  and  enable  us  to  distinguish  whether  a  given  note 
is  sounded  upon  a  wind  or  string  instrument  These  bar. 
monies  arc  much  more  prominent  in  the  lower  divisions  of 
the  scale,  and,  as  will  be  seen  when  wc  come  to  speak  of  (he 
functional  examination  of  the  car,  arc  to  be  borne  in  mind, 
since  by  their  perception,  ii]  place  of  the  fundamental  tone 
erroneous  deductions  may  be  drawn. 

Sound  waves  arc  pro(>agated  in  any  medium  surrounding 
a  vibrating  body  at  rates  varying  with  the  density  of  the 
medium.  The  rate  of  transmission  is  greater  In  solids  and 
liquids  than  in  gases.  In  gaseous  media  the  rate  of  trans- 
mission of  sound  is  in  inverse  proportion  to  the  density  of 
the  gas. 

Wc  are  now  prepared  to  study  the  action  of  the  transmit- 
ting mechanism  of  the  car  from  a  physiological  standpoint, 
beanng  in  mind  that  this  portion  of  the  organ  subserves  the 
purpose  simply  ol  conducting  at:rial  vibrations  to  the  end  or- 
gan of  the  auditory  nerve,  which  analyzes  them,  so  that  each 
individual  note  produces  certain  specific  effects  upon  the  re- 


ANATOMY  AND  FHYSIOLOCY  OF  THE  EAR. 

Hre  ccnirci.     We  next  consider  the  use  of  the  various 
^Wtt(Wi*  \>i  the  conducting  mechanism. 

Tfce  Auricle. — The  auricle,  representing^  the  open  end  of  a 
ItfNM^  coUects  atrial  vibrations  and  directs  them  into  the  ex- 
^H««t  meatus.  Us  angle  ol  attachment  to  the  skull  and  the 
wwfeiKms  in  contour  encountered  in  different  individuals  no 
^mt>t  rxcTt  slight  influences  upon  sound  perception,  but  this 
Uct  may  be  practically  disregarded  in  man,  and  the  auricle 
may  be  removed  without  seriously  interfering  with  the  func- 
tion of  audition.  Among  the  lower  animals  the  auricle  plays 
a  very  important  part  in  the  sense  of  hearing,  being  movable, 
ami  capable  of  assuming  various  pusiiions  from  volition  or 
reflex  action  in  order  better  to  collect  aerial  vibrations  from 
iliflurciit  points, 

The  External  Meatus. — The  external  meatus  constitutes 
a  tube  through  which  the  sonorous  impulses  are  conveyed  in- 
w.-ifd  toward  the  labyrinth  with  undiminished  intensity.  Even 
if  this  tube  is  very  sm^ill  in  its  deep  portion,  the  function  of 
audition  may  be  but  little  impaired,  the  oscillations  in  the 
column  of  air  being  transmitted  with  undiminished  intensity. 
It  the  narrowing  takes  place  at  the  orifice  of  the  meatus, 
acuteness  of  hearing  is  much  diminished.  This  condition  is 
occasionally  found  in  the  aged  in  whom  the  tissues  have  un- 
dcrgone  a  certain  amount  of  atrophy,  resulting  in  the  collapse 
ol  the  superior  wall  of  the  cartilaginous  meatus  to  such  an  ex- 
tent that  it  lies  in  contact  with  the  inferior  wall,  completely 
occluding  the  canal.  Occasionally  the  tragus  is  abnormally 
developed,  and  projects  backward  over  the  mouth  of  the 
canal  in  such  a  manner  as  to  offer  an  obstruction  to  the  en- 
trance of  the  sound  waves.  This  condition  also  renders  the 
hearing  less  acute. 

As  mentioned  in  a  previous  chapter,  the  external  auditory 
meatus  is  not  dircctctl  horizontally  inward,  but  the  cartilagi- 
nous  and  osseous  portions  join  at  an  obtuse  angle  both  in 
the  horizontal  and  vertical  plane.  The  cartilaginous  canal  is 
directed  upward,  backward,  and  inward,  while  the  osseous 
portion  extends  forward,  downward,  and  inward.  Where  the 
cartilaginous  meatus  joins  the  auricle  the  posterior  wall  pre- 
sents a  deep  fossa  or  depression,  and  the  aniero-inferiur  wall 
ol  the  bony  canal  close  to  the  mcmbrana  tympani  exhibits  a 
somewhat  similar  feature.  In  the  cartilaginous  canal  this 
excavated  portion  acts  with  the  auricle  to  collect  the  waves 
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of  sound  and  direct  them  into  the  meatus,  while  by  the  hoU 
lowing  out  of  the  antcro-infcrior  wall  of  the  deeper  portion  of 
the  nicalui,  the  surface  presented  is  parabolic,  from  which 
reflected  waves  are  directed  almost  perpendicularly  upon  the 
drum  membrane.  Since  the  meatus  is  a  closed  tube  it  neces- 
sarily possesses  a  fundamental  note,  which,  according  to 
Gad,*  lies  in  the  fourth  accentuated  octave,  representing 
about  4,056  V.  S.  The  effect  of  the  resonant  action  of  the 
canal  upon  audition  is  practically  inappreciable,  it;;  primary 
note  lying  beyond  the  limit  of  the  conversational  voice.  When, 
however,  the  middle  car  is  filled  with  fluid  or  the  drum  mem- 
brane is  mucli  thickened,  the  resonant  aclion  of  the  canal 
becomes  more  marked  and  is  demonstrable.  This  is  also 
true  when  the  meatus  is  closed  with  the  finger  or  occluded 
by  a  foreign  body,  the  imprisoned  column  of  air  under  these 
coodilions  being  set  in  vibration  through  the  medium  of  the 
cranial  bones. 

The  Membrana  Tympani. — This  structure  acts  at  once  as 
a  protective  septum  to  the  parts  lying  within  the  middle  car, 
and  as  a  mechanical  device  for  the  reception  of  sonorous  vi- 
brations, which  are  then  transmitted  through  the  agency  of 
the  ossicular  chain  to  the  perilymph,  being  brought  into  rela- 
tion with  this  fluid  by  the  foot  plate  of  the  stapes.  The  ad- 
vantagr  gainc-<l  depends  upon  the  relatively  large  surface 
which  the  mcmbrana  tympani  presents  in  comparison  with 
(hat  of  the  foot  plate  of  the  stapes.  Any  impluse,  there- 
fore, acting  upon  the  membrane  is  transmitted  to  the  stapes. 
at  which  point  its  power  is  much  augmented.  The  drum 
membrane  is  usually  spoken  of  as  a  tense  6brous  septum,  and 
ftience  should  possess  a  fundamental  note  peculiar  to  itself. 
he  fact  is.  however,  that,  owing  to  the  arrangement  of  the 
radiating  and  circular  fibres  of  the  lamina  propria,  its  mode 
of  attachment  to  the  malleus  handle,  its  oblique  position, 
and  the  relaicd  condition  of  its  upper  portion— the  mem- 
bmna  flacclda — its  fundamental  note  exercises  but  an  un- 
important influence  upon  the  sense  of  hearing.  It  thcretcirc 
transmits  notes,  varying  greatly  in  pitch,  with  equal  facility 
and  without  the  accentuation  of  any  particular  tone,  a  phe- 
nomenon which  would  necessarily  occur  if  the  membrane 
itself  possessed  a  fundamental  note.    This  impartial  transmis- 
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sion  of  sound  waves  which  impinge  upon  it,  without  reference 
lo  tht-'ir  pitch  depends  chiefly  upon  the  disposition  of  the  cir- 
cular and  radiating  fibres  in  its  connective-tissue  layer.  The 
circular  fibres  serve  to  obliterate  any  resonant  action  which 
might  result  from  the  radiating  fibres  being  thrown  into  sym- 
pathetic vibration.  In  the  same  way  the  handle  of  the  malleus 
aids  in  cutting  oil  the  overtones,  acting  as  a  load  upon  the  vi- 
brating  membrane  and  preventing  the  accentuaiit)n  of  any 
harmonic.  The  umbitication  of  this  diaphragm  at  the  umbo 
possesses  a  mechanical  advantage,  a  force  acting  upon  it  being 
increased  in  intensity  as  it  is  transmitted  to  the  malleus  handle, 
while  the  distance  traversed  by  the  manubrium  is  correspond- 
ingly diminished. 

The  Ossicular  Chain. — The  alternate  conditions  of  conden* 
sntion  and  rarefaction  brought  about  by  a  sounding  body  are 
transmitted  to  thelabyrinthineslructures,  after  impact  against 
the  drum  membrane,  through  the  oss^icular  chain.  The  outer 
member  of  this  chain,  the  malleus,  is  attached  to  the  membra- 
na  in  the  manner  already  described,  while  the  innermost  os- 
sicle, the  stapes,  is  in  contact  with  the  labyrintliine  Huid  at 
the  oval  window.  Hclmhollz*  has  shown,  from  the  physical 
laws  governing  the  transmission  of  sonorous  vibrations,  as 
the  dimensions  of  the  ossicles  are  so  minute  in  comparison 
with  the  length  of  the  waves  which  they  transmit,  that  they 
may  be  considered  as  acting  f»  masu — that  is,  each  component 
of  the  chain  acts  as  a  single  oscillating  particle  of  infinitesimal 
dimensions,  rather  than  as  a  solid  body  the  molecules  of  which 
are  in  a  state  of  vibration.  Viewed  in  this  manner,  we  have 
to  deal  with  a  system  of  levers  through  which  a  force  applied 
at  the  tip  of  the  malleus  acts  upon  the  stapes  with  increased 
energy,  but  with  a  corresponding  dimitiutton  in  the  space 
traversed  in  a  unit  of  time.  As  the  result  of  experiment,  the 
same  author  f  found  that  any  force  acting  upon  the  tip  of  the 
manubrium  was  augmented  one  and  a  hall  times  at  the  incudo' 
stapedial  articulation,  the  extent  through  which  the  tip  <A 
the  long  process  of  the  incus  moved  being  diminished  two 
thirds. 

The  preceding  remarks  regarding  the  Icvcr-Iike  action  of 
the  ossicles  refers  onlv  lo  forces  tending  to  displace  the  mal- 
leus inward.     It  will  be  remembered  that  in  describing  the 
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iments  of  the  tympanum,  it  was  stated  that  the  anterior 
f*nd  posterior  ligaments  constituted  the  axis  band  of  the  mal- 
leus, tilts  bone  being  supported  at  their  points  ol  insertion 
ioto  its  neck,  and  rotating  about  an  tmoginary  line  passing 
through  these  points  and  the  tympanic  attachments  of  the 
ligaments  as  an  axis.  The  peculiar  structure  of  the  mallco- 
incudal  articulation  must  also  be  borne  in  mind,  the  articular 
surface  of  the  head  ol  the  malleus  being  in  contact  with  the 
saddle-shaped  articular  surface  of  the  incus.  This  articular 
surface  is  provided  with  a  toothlikc  projection,  so  that  when- 
ever  the  manubrium  of  the  malleus  moves  inward,  with  a  con- 
sequent outward  movement  of  the  head,  this  motion  is  trans- 
mitted to  the  incus,  and  by  this  ossicle  conveyed  to  the  stapes. 
If,  however,  the  tip  of  the  maniihrium  is  drawn  outward,  the 
toothlike  process  of  the  incus  no  longer  engages  the  mal- 
leus, and  the  articular  surfaces  of  the  ossicles  become  sepa- 
rated. From  this  it  follows  that  the  stapes  is  but  slightly 
displaced  outward  under  these  conditions.  The  practical 
importance  of  Ihis  will  be  seen  at  once  when  wc  remember 
how  frequently  the  tympanic  cavity  is  suddenly  filled  with 
air,  either  by  accident  or  design,  causing  an  extensive  out- 
ward displacement  of  the  membrana  tyniparii.  If  the  articu. 
lar  surfaces  remained  in  contact  under  these  conditions  the 
iCffecl  would  be  to  draw  Ihc  stapes  from  the  oval  win- 
'dow.  The  long  arm  of  the  icvcr  above  described  extends 
from  the  lip  of  the  manubrium  to  the  short  process  of  the 
incus,  while  the  point  of  transmission  o(  force  to  the  stapes 
lies  in  this  line  at  the  tip  of  the  long  process  of  the  incus. 
The  relative  lengihsof  these  two  arms  is  in  proportion  of  three 
to  two,  and  the  mechanical  advantage  gained  is  in  the  same 
ratio.  The  movement  of  the  stapes  is  not  directly  inward, 
but  rather  in  an  oblique  plane,  the  ossicle  being  rotated  about 
its  lower  and  posterior  border.  Motion  in  this  oblique  plane 
results  not  only  from  the  peculiar  position  of  the  oval  win- 
Ldow,  but  also  from  the  manner  in  which  the  incus  is  fixed  to , 
the  tympanic  wall,  an  inward  excursion  of  the  malleus  carry- 
ing the  long  process  upwar<l  and  inward  at  the  same  time. 
The  obliquity  of  the  plane  in  which  Ihe  ossicles  arc  placed 
causes  a  slight  movement  forward  in  addition  to  the  dis 
placement  described,  the  resultant  motion  imparted  to  the 
stapes  being  a  rotation  about  its  posterior  and  inferior  bor- 
ders.   The  capsular  ligament  of  the  malleo-incndal  artj':ula- 
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tion  plays  an  important  part  in  the  proper  performance  of 
the  (unction  of  this  joint.  If  this  ligament  is  relaxed,  the 
articular  surface  of  the  malleus,  instead  of  being  held  closely 
against  the  corresponding  surface  of  the  incux  and  engaging 
the  tooth-shaped  process  of  the  articular  facet,  is  drawn 
away  from  the  saddle-shaped  articular  surface  of  the  incus, 
and  causes  but  slight  movement  of  the  ossicle.  This  condi- 
tion would  interfere  particularly  with  the  transmission  of 
those  notes,  the  wave  length  of  which  was  relatively  con- 
siderable— in  other  words,  the  lower  notes  of  the  register. 
Too  great  tension  of  the  capsular  ligament  interferes  with 
free  oscillation  of  the  ossicular  chain,  and  consequently  with 
the  proper  transmission  of  sound  waves,  particularly  those 
of  low  pitch.  High  notes,  demanding  but  little  displacement 
of  the  transmitting  mechanism,  are  relatively  less  interfered 
with  by  anomalies  in  the  tension  of  the  tympanic  Ugaments- 

It  is  interesting  to  note  here  the  experiments  of  Politzer* 
regarding  the  effect  produced  by  notes  of  various  pitch 
upon  the  excursions  of  the  ossicular  chain.  It  was  demon- 
strated that  the  oscillations  of  the  ossicles  were  less  extensive 
for  very  low  notes  than  for  those  of  the  middle  portion  of 
the  scale.  When  the  pitch  was  very  high,  however,  the  am^ 
plitude  of  the  ossicular  vibrations  was  again  diminished.  The 
weighting  of  the  ossicular  chain  interfered  with  the  trans- 
mission of  low-pitched  sounds,  while  the  higher  ones  were 
transmitted  practically  without  interference.  As  stated 
above,  although  pitch  depends  upon  the  rate  of  vibration 
and  intensity  upon  the  extent  of  each  oscillation,  a  certain 
relation  must  exist  between  them,  as  is  proved  by  the  well- 
known  fact  to  which  Gad  t  calls  attention — that  of  two  notes 
sounded  with  the  same  intensity,  the  higher  will  seem  the 
louder.  The  importance  of  these  circumstances  can  not  be 
overestimated  in  their  bearing  upon  pathological  conditions 
of  the  conducting  apparatus,  since  the  result  of  clinical  ob- 
servation agrees  with  that  of  physiological  experiment,  show- 
ing that  in  affections  of  the  transmitting  mechanism  alone, 
the  impairment  of  function  occurs  first  for  sounds  of  very 
low  pitch,  the  upper  notes  being  transmitted  with  a  fair  de. 
grce  of  accuracy. 


*  Archiv  fOr  Ohrcnhcilk.,  rol.  vi.  p.  26- 
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The  Tympanic  Muscles. — We  have  considered  above  the 
part  played  by  the  ossicles  alone,  without  regard  to  the  ac- 
tion of  any  muscles  which  might  modify  their  response  to 
atrial  vibrations.  It  is  necessary,  however,  to  bear  in  mind 
that,  in  addition  to  their  ligamentous  supports,  their  action 
is  modified  by  two  muscles — the  tensor  tympani  and  the 
stapedius.  The  anatomical  characteristics  ol  these  have  al- 
ready been  described. 

The  tensor  tympani  muscle,  acting  alone,  would  tend  to 
draw  the  ossicles  inward  and  upward,  crowding  their  articu- 
lar surfaces  together  and  forcing  the  foot  plate  of  the  stapes 
into  the  oval  window.  This  displacement  would  of  necessity 
render  the  metnbrana  tympani  more  tense;  hence  the  name 
of  the  muscle,  although  its  action  in  this  direction  is  of  but 
little  practical  importance. 

The  action  of  the  stapedius  is  antagonistic  to  that  of  the 
muscle  just  described,  since  by  its  contraction  the  stapes  is 
drawn  out  of  the  oval  window  by  rotating  upon  the  posterior 
margin  of  the  foot  plate,  with  the  effect  of  reducing  the  ten- 
sion of  the  labyrinthine  fluid,  It  is  probable  that  one  of  the 
chief  uses  of  these  muscles  is  to  protect  the  labyrinth  from 
the  injurious  effects  of  loud  sounds,  or  of  the  sudden  conden- 
sation of  air  in  the  meatus  from  any  cause.  Since  they  act  in 
opposite  directions,  they  increase  the  elasticity  ol  the  ossicu- 
far  chain,  the  one  guarding  the  labyrinth  from  sudden  pres- 
sure from  without,  while  the  other,  by  crowding  the  ossicula 
together,  militates  against  any  outward  displacement  of  the 
ossicles  from  any  increase  in  intratyinpanic  pressure.  One 
value  of  this  action  is  to  guard  the  capsular  ligament  of 
the  mallco-incudal  articulation,  the  fibres  of  which  would 
soon  become  stretched  by  repeated  condensations  of  air  in 
the  tympanic  cavity  if  it  were  compelled  to  sustain  the  entire 
pressure, 

The  Muscles  of  the  Eustachian  Tube.— In  order  that  the 
membrana  tympani  may  act  simply  as  a  transmitter  and  col- 
lector of  aiirial  vibrations  of  various  lengths,  it  is  essential 
that  its  normal  tension  shall  not  be  interfered  with.  An  abso- 
lutely  constant  tension  of  this  membrane  can  exist  only  when 
the  atmospheric  pressure  is  the  same  on  cither  side.  To  prc- 
Krvc  this  ecjuilibrium,  the  cavity  of  the  tympanum,  under  nor- 
mal conditions  communicates  freely  with  the  outer  world 
through  Ihc  Eustachian  tube.     Owing  to  the  fact  that  the  an- 


tcrior  and  inferior  walls  of  the  membranous  portion  of  the 
passage  arc  formed  almost  entirely  of  Bbrous  tissue,  the  an> 
Icro-posterior  walls  arc  in  contact,  except  along  the  roof,  where 
the  patency  is  preserved  by  the  hook-shaped  process  of  the 
cartilaginous  plate.  Although  the  physical  conditions  admit 
of  the  canal  remaining  patent  in  this  situation,  it  is  probable 
that  the  mucous  membrane  lining  the  passage  is  so  loosely  ap- 
plied, that  even  here  the  lumen  is  practically  obliterated 
wh^ii  the  |K»rts  arc  at  rest,  but  that  slight  changes  in  pressure 
su8>c«  to  render  the  tube  permeable  in  this  portion.  This  is 
particularly  true  if  the  intraiymjianic  pressure  is  increased. 
as  air  {xu«e$  more  easily  from  the  tympanum  through  the 
tube  than  in  the  opposite  direction.  It  is  comparatively  un- 
im)Hittant  whether  in  certain  cases  the  canal  i.s  patent  while 
iW  p.uis  are  at  rest.  Since  the  nijration  of  the  tympanum  is 
AOVvMnpli^hcd  through  the  action  of  its  attached  muscles,  the 
\wr\  |ilaycd  by  them  in  audition  is  one  of  great  importance. 
U  wtU  be  remembered  that  the  tensor  palati  and  the  levator 
l*fll«»i  arc  in  relation  with  the  ftbro-cartilaginous  portion  of  the 
luitlrtcKUn  passage,  the  former  arising  in  part  from  its  antc- 
flvtr  wall,  while  the  latter  passes  beneath  the  membranous  Hoor 

;imil  the  Inlerinr  border  of  the  posterior  cartilaginous  wall. 

Ntuttitctlon  of  these  muscles  increases  the  caliber  of  the  lube, 
\\\v  ipnmir  drawing  the  anterior  wall  and  the  cartilaginous 
hiiok  lorwanl,  while  the  belly  of  the  levator  is  augmented  in 
vmUmhc  during  contraction  and  presses  the  inferior  and  pos- 
loiUu  walls  upward,  diminishing  the  diameter  of  the  canal 
hiiin  nbnve  downward,  but  making  it  more  patent.  As  both  of 
xUvikf  ntunulcs  nrc  brought  into  play  during  the  act  of  dcgtu- 
lllltiii.  the  removal  of  the  air  within  the  middle  ear  must  of 
lii>»  ciuthy  tnkf  place  so  frequently  that  the  equilibrium  ol  the 
UM'mbmuii  (ynipani  is  not  disturbed.  Temporary  variations 
III  nmuure  arc  undoubtedly  compensated  for  by  the  action  of 
(Up  •IttJwIUisand  tensor  lympani  muscles.  When,  owing  to 
itlhtithv  ul  the  tubal  muscles  or  to  obstruction  of  the  lumen  of 
\U%\  crtiml  Irom  swelling  of  the  lining  membrane  or  from  the 
pr(»«rniP  ol  secretion,  the  passage  remains  closed  for  a  con- 
«|,|tif«|)lo  periwl.  rarefaction  of  the  air  vithin  the  tympanum 
|i  Ihp  tr»ult.  This  is  brought  about  by  the  absorption  of  air 
ImUi  Iho  blmul  circulating  in  the  lining  membrane  ol  the  mid- 
tll»>  PM,  ftiul  bv  ihc  greater  facility  with  which  the  air  passes 
IhiMt  Ibo  lymjKinum  than  in  Ihc  opposite  direction.    This  re- 
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duction  in  pressure  within  the  middle  car  altovrs  the  mcm- 
brana  lympnni  and  attached  ossicular  chain  to  be  forced  in- 
ward by  the  pressure  of  the  atmosphere,  crowding  the  stapes 
into  the  oval  window. 

The  Labyrinth. — The  physiology  of  the  labyrinth  divides 
itself  into  an  investigation  of  the  function  of  the  vestibule,  the 
cochlea  and  the  semicircular  canals. 

TAr  C&cMea. — The  cochlea  is  that  part  of  the  interna!  ear 
specialized  for  the  analysis  of  sonorous  vibrations.  Through 
its  agency  each  component  of  any  complex  sound  affects  one 
portion  of  the  terminal  fibres  of  the  nuditory  nerve.  These 
variousstimuli  are  ajijain  combined  in  the  higher  nerve  centres, 
and  are  interpreted  as  characteristic  of  some  particular  vibrat- 
ing body,  and  hence  from  education  enable  us  to  judge  of  the 
conditions  under  which  they  were  produced.  To  effect  this 
separation  of  the  complex  a{;rial  vibrations  the  undulations  are 
transmitted  by  the  conducting  mechanism  to  a  column  of  fluid, 
the  perilymph.  Recollecting  the  anatomy  of  the  parts,  it  will 
be  remembered  that  the  cochlear  perilymphatic  space  is  di- 
vided into  two  channels  lying  one  above  the  other,  communi- 
cating at  the  apex  of  the  spiral  by  a  narrow  passage,  the  heli- 
cotrema,  and  separated  from  each  other  by  a  .septum  which  is 
partially  osseous  and  in  part  membranous.  The  membranous 
portion  incloses  between  its  two  layers  a  channel,  triangular 
on  cross-section,  the  membranous  cochlci.  This  canal  is  an 
elongated  blind  pouch,  and  is  filled  with  endolymph  in  which 
Bait  the  ultimate  fibres  of  the  auditory  nerve. 

The  upper  cochlear  canal  communicates  with  the  vestibule, 
while  the  lower  is  shut  off  from  the  middle  ear  by  the  mem- 
brane of  the  round  window.  The  membranous  cochlea  termi- 
nates at  its  superior  extremity  ns  a  blind  sac,  while  below  it 
joins  the  saccule.  The  floor  of  this  membranous  lube  begins 
at  the  upper  part  of  the  round  window.  The  perilymphatic 
space  through  the  aqucductus  cochlea;  communicates  with 
the  subarachnoid  lymph  space,  while  the  endolymphatic  chan- 
nel, through  the  aqucductus  vcstiliuli,  opens  into  a  sac  be- 
twecn  the  layers  of  the  dura  mater.  The  probaliiiily  of  the 
communication  between  thisdural  pouch  and  the  lymph  chan- 
nels of  the  dura  has  already  been  discussed. 

Ai'rial  vibrations  communicated  to  Ihc  stapes  produce  a  fluid 
wave  in  the  perilymph,  each  inward  excursion  of  the  ossicle 
pushing  the  column  of  fluid  before  it  through  the  scala  vcs- 
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libuli,  thence  through  the  helicotrema,  and  finally  through  the 
scala  tympani  to  *hc  round  window,  the  membrane  of  which 
is  pushed  outward  into  the  tympanum  to  compensate  for  the 
inward  motion  at  the  vestibular  opening.  Since  the  labyrin- 
thine  walls  arc  rigid  in  every  other  situation,  and  from  the 
well-known  physical  law  that  fluids  are  incompressible,  this 
motion  of  the  perilymph  is  impossible  unless  the  membrane 
of  the  fenestra  rotunda  is  elastic.  The  elastic  partition  sepa- 
rating these  two  channels  modifies  to  an  extent  the  course 
taken  by  this  wave  in  the  perilymphatic  fluid.  This  septum, 
consisting  of  two  layers,  the  space  between  being  filled  with 
fluid  of  the  same  density  as  the  perilymph,  permits  of  the 
transmission  of  the  wave  motion  from  the  upper  to  the 
lower  channel  witlmut  necessitating  its  passage  through  the 
helicotrema.  It  is  evident  that  the  structures  within  the 
membranous  cochlea  must  suffer  some  disturbance  ol  equi< 
Ijbrium  from  the  passage  of  this  Ruid  wave.  An  impulse 
causing  the  inward  motion  of  the  stapes  is  communicated 
to  the  perilymph,  which  in  turn  exerts  a  pressure  upon  the 
basilar  membrane;  this  elastic  septum  yields  to  the  pressure 
in  locilities  varying  according  to  the  pitch  (or  rate  of  vibra- 
tion) of  the  particular  note  sounded.  The  depression  of  the 
basilar  membrane  at  any  given  point  causes  a  change  in 
position  in  the  structures  resting  upon  it:  these,  it  will  be 
remembered,  arc  the  hair-cells  and  the  rods  of  Corti.  It  is 
probable  that  the  hair-cells,  by  the  friction  of  their  ciliary  pro- 
cesses ag;nnst  the  reticular  membrane  or  against  the  rods  of 
Corti,  transmit  these  impulses  through  the  nerve  Blamcnts 
which  they  contain,  to  the  receptive  centres  of  the  brain. 
Since  the  endolymph  and  perilymph  are  under  equal  pressure, 
a  (act  which  has  been  proved  by  the  investigations  of  Ost- 
mann,*  it  follows  that  all  vibrations  of  the  perilymph  will  not 
pass  the  entire  length  of  the  scala  vestibuli  and  through  the 
helicotrema  before  exciting  similar  waves  in  the  fluid  of  the 
scala  tympani,  but  will  pass  directly  through  the  two  layers 
of  the  membranous spirallamina  at  any  point  where  the  resist- 
ance is  less  than  that  which  must  be  overcome  by  the  passage 
of  the  wave  through  the  helicotrema.  The  fact  that  the  dU 
ameter  of  this  communicating  channel  is  much  less  than  that 
of  either  the  scala  vestibuli  or  the  scala  tympani  increases  the 

*  Arch,  tit  Ohrenfaomi,  toI.  sxu<r,  pL  35. 
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resistance  in  this  direction  and  favors  the  passage  of  the  wave 
through  the  elastic  septum  dividing  the  scalje.  The  inferior 
lamella  of  this  parlilion  is  the  membrnna  basilaris,  a  tissue 
calculated  from  its  structure  to  be  easily  aficctcd  by  chang'cs 
in  pressure.  Investigation  shows  that  the  parallel  fibres  ol 
the  membrane  are  shortest  in  the  lowest  part  of  the  canal, 
and  gradually  increase  in  length  as  the  spiral  ascends.  The 
shorter  fibres  at  the  base  of  the  cochlea  will  yield  to  the  pres- 
sure caused  by  vibrations  of  short  wave  length,  or  those  con- 
cerned in  the  production  of  the  highest  nutes  of  the  scale, 
while  the  sh)wer  oscillations  of  the  low  notes  will  travel 
toward  the  apex  of  the  coclilca  before  displacing  the  basilar 
membrane.  Anatomical  structure  and  physical  laws  render 
it  pn)bal)le,  therefore,  that  the  lowest  turn  ol  the  cochlea  is 
concerned  in  the  perception  of  the  high  notes  of  the  scale, 
while  the  upper  turns  serve  for  the  recognition  of  the  deeper 
sounds.  These  deductions  have  been  confirmed  by  the  phys- 
iological experiments  of  Baginsky.* 

It  seems  probable  that  the  basilar  membrane  is  the  portion 
of  the  auditory  apparatus  designed  for  the  analysis  and  per- 
ception  ol  musical  notes  as  originally  suggested  by  Hen- 
sen',  and  that  the  rods  of  Corti  are  not  directly  concerned  in 
this  process,  as  Helmholu  at  first  believed. 

It  is  quite  probable  that  these  rods  serve  to  damp  the  vibra- 
tions of  the  membrana  b.Hsilaris,  and  to  restrict  them  to  limited 
portions  (or  Individual  notes.  The  fibres  of  the  basilar  mem- 
brane vary  in  length  from  .041  millimetre  at  the  base  of  the 
cochlea,  to  .49S  millimetre  at  the  apex.  In  number  they  vary 
fn)m  13,0001020,000.  It  is  evident,  therefore,  that  the  per- 
ception of  the  slightest  variation  in  the  rates  of  vibration  can 
theoretically  be  perceived  ;  practically,  differences  of  one  sixty- 
fourth  of  a  tone  can  be  recognized  by  the  trained  ear ;  in  the 
higher  registers,  differences  of  half  a  vibration  per  second  can 
be  distinguished  by  skilled  muiiicians. 

Nothing  h.i5  been  said  in  the  preceding  pages  about  the 
influence  exerted  upon  the  transmission  of  fluid  waves  by  the 
communication  between  the  endolymphatic  and  perilym- 
phatic channels  and  the  intracranial  lymph  spaces.  It  is 
probable  that,  owing  to  the  small  calibre  of  the  comniunicat- 
iiig  canals,  the  friction  of  the  fluid  is  so  great  that  tlicir  prcs- 
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ence  is  no  protection  ngainRt  a  sudden  increase  in  tension 
of  the  labyrinthine  fluid,  sudden  augmentation  in  pressure 
being  compensated  for  by  the  elastic  septum  covering  the 
round  window.  When,  however,  the  increase  in  pressure 
within  the  labyrinth  is  very  ^Iow,  such  as  would  result  from  a 
chronic  process  within  the  middle  car  with  the  production  ol 
new  connective-tissue  elements,  crowding  the  stapes  slowly 
into  the  oval  window,  it  is  probable  that  the  equilibrium  of 
the  labyrinthine  fluid  would  be  preserved,  in  part  at  least,  by 
its  passage  into  the  intracranial  lymph  spaces. 

The  perception  of  musical  notes  by  the  agency  of  the 
cochlea  has  been  considered  first  on  account  of  its  complex- 
ity ;  but  it  must  be  remembered  that  the  maculae  of  the  sac- 
cule and  utricle  and  the  crista;  of  the  ampullzc  also  contain  the 
terminal  filaments  of  the  eighth  nerve.  It  is  probable  that 
noises  and  perhaps  also  certain  musical  sounds  arc  perceived 
here.  Jtwould  alsosecm  that  thesestructnresare  particularly 
designed  for  the  reception  of  vibrations  of  great  amplitude, 
which  arc  interpreted  as  sound,  but  that  complex  sounds  arc 
not  fully  analyzed  here,  although  certain  variations  in  pitch 
are  recognized.  The  otoliths  are  found  here  and  prevent  too 
extensive  excursions  of  the  cilia: :  their  presence  in  these 
regions  alone  nithcr  adds  weight  to  the  theory  that  this  por- 
lion  of  the  labyrinth  is  designed  for  the  reception  of  vibrations 
of  considerable  amplitude,  whether  occurring  as  musical  notes 
or  following  each  other  irregularly,  giving  the  impression  of 
a  noise.  It  seems  certain  that  the  ultimate  analysis  of  musical 
tones  can  only  take  place  in  the  cochlea ;  and  hence,  from  the 
anatomical  structure  of  the  parts,  the  musical  notes  whose 
perception  would  be  first  interfered  with  in  any  involvement 
of  the  labyrintli  following  a  pathological  process  within  the 
tympanum  should  be  those  perceived  by  the  basilar  mem* 
branc  at  the  lowest  part  of  the  cochlea,  or  that  portion  close 
to  the  tympanum.  Clinical  experience  supports  this  view, 
since  in  secondary  labyrinthine  affections  we  find  that  de- 
fective perception  for  the  highest  notes  of  the  scale  Is  an  early 
symptom. 

Tkt  SemUircultiT  Canals. — From  experiments  upon  ani- 
mals and  from  clinical  observations  it  is  supposed  that  the 
semicircular  canals  arc  concerned  in  maintaining  the  equilib- 
rium of  the  body,  and  in  recognizing  any  departure  from  this 
condition.     How  much  this  function  contributes  to  (he  4bil- 
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it>'  to  judge  of  the  location  from  which  a  given  sound  comes 
can  not  be  determined,  but  it  is  probable  that  the  position 
which  the  head  assumes,  in  order  that  tiie  ear  may  receive 
Ihc  maximum  impression  of  the  sounding  body,  conveys 
to  the  perceptive  centre,  through  the  agency  of  the  semicir- 
cular canals,  a  certain  stimuUis  which  enables  the  listener  to 
locate  the  approximate  position  of  the  sounding  body.  Re- 
cently Ewald  *  has  attributed  to  the  semicircular  canals  the 
power  of  interpreting  a  sixth  special  sense,  which  he  denomi- 
nates as  the  muscular  sense  or  musclc-tonus.  holding  that  the 
perception  and  maintenance  of  stable  equilibrium  arc  rL*gu- 
latcd  by  the  semicircular  canals  through  this  special  sense. 
Such  a  claim  is  difficult  to  controvert.  Any  change  in  musclc- 
tonus  must  disturb  the  equilibrium  of  the  body  to  a  certain 
degree,  and  this  in  turn  would  depend  lor  its  appreciation 
upon  the  integrity  of  the  semicircular  canals.  That  these 
portions  of  the  internal  ear  are  the  perceptive  organs  of  the 
sixth  special  sense  has  not,  I  think,  been  conclusively  proved. 
The  Effect  of  Changes  within  the  Middle  Ear  upon  the 
Latiyrinth. — Since  the  labyrinthine  fluid  is  separated  from  the 
tympanic  cavity  by  an  clastic  membrane  at  the  round  window 
and  ai  the  oval  window  by  a  movable  osseous  .septum,  the 
foot-plate  of  the  stapes,  it  follows  that  changes  in  the  tension 
of  the  ossicular  chain,  due  to  relaxation  or  contraction  of  the 
clastic  structures  within  the  middle  ear,  must  cause  variations 
of  pressure  in  the  labyrinthine  fluid.  Shortening  of  the  os- 
fticular  ligaments  and  of  the  tensor  tympani  muscle  will  effect 
this  change ;  or  the  same  result  might  be  brought  about  by  a 
rarefaction  ol  the  air  within  the  tympanum,  the  tension  then 
being  increased  by  the  atmospheric  pressure  without.  .Any 
force  acting  to  displace  the  foot-|i]ate  uf  the  stapes  inward, 
causes  a  similar  displacement  of  the  labyrinthine  fluid  and  an 
outward  excursion  of  the  membrane  at  the  round  window,  the 
extern  to  which  this  membrane  is  moved  outward  depending 
upon  its  elasticity.  Any  sudden  increase  in  pressure  must  be 
compensated  for  by  a  corresponding  displacement  of  this 
clastic  lamella,  since  the  friction  of  the  Ruid  against  the  walls 
of  the  narrow  aqucductus  vcstibuli  and  aqueductus  cochlea: 
would  prevent  an  outward  flow  in  this  direction.  If  the  pres- 
sure was  maintained  for  a  considerable  time,  a  gradual  outflow 
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of  fluid  Ihroufrh  these  channels  would  undoubtedly  take  place, 
and  the  equiiibriuni  would  be  restored. 

Btzolil  *  has  shown  thai  ihe  excursions  i»f  the  membrane 
of  the  round  window  arc  four  limes  as  eictensivc  as  those  of 
the  fool -plate  of  the  stapes,  in  response  to  any  given  force  dis- 
placing the  latter  inward.  The  area  of  the  stapedial  foot-plate 
is  greater  than  that  of  the  membrana  tyin]Kini  secundaria,  and 
hence  displacements  of  this  latter  structure  must  be  corre- 
spondingly more  extensive. 

When  wc  come  to  consider  the  effect  of  condensation  and 
rarefaction  of  the  air  in  the  tympanic  cavity  upon  the  tension 
of  the  labyrinthine  fluid,  the  mechanism  of  the  malleo-incudal 
articulation  must  be  borne  in  mind.  The  effect  of  increased 
a4!rial  pressure  within  the  tympanic  cavity  would  naturally  Ik: 
to  force  the  drum  membrane  outward.  This  outward  miive- 
meut  would  be  participated  in  by  the  malleus,  and  througli 
its  articulation  with  the  incus  would  be  communicated  tu  this 
ossicle,  which  in  turn  would  cause  an  outward  movement  of 
the  stapes,  with  a  reduction  of  the  pressure  within  the  laby- 
rinth. From  the  peculiar  construction  of  the  malleo-incudal 
joint,  very  extensive  outward  excursions  of  the  manubrium 
cause  a  separation  of  the  articular  surfaces  of  the  ossicle,  and 
the  stapes  is  displaced  outward  to  a  compar-itivcly  slight  de- 
gree  as  compared  with  the  excursion  of  the  membrana  tym- 
pani.  The  membrana  tympani  has  but  little  elasticity,  owing 
to  the  peculiar  structure  of  the  lamina  propria,  and  after  the 
maximum  outward  displacement  has  taken  place  it  forms  a 
riH:id  wall.  Beyond  this,  any  increased  pressure  within  the 
tympanum,  due  to  the  introduction  cither  of  air  or  fluid, 
causes  an  augmentation  of  labyrinthine  tension,  the  cavity  be- 
ing closed  on  all  sides  by  rigid  walls,  with  the  exception  uf 
those  portions  of  the  inner  walls  occupied  by  the  oval  and 
round  windows.  This  increased  pressure  acts  upon  both  the 
foot-plate  of  the  stapes  and  the  membrana  tympani  sccondaria, 
since  they  constitute  the  areas  of  least  resistance,  and  their 
inward  displacement  is  opposed  only  by  the  normal  tension 
of  the  labyrinthine  fluid,  which  is  slightly  less  than  that  of  the 
normal  atmospheric  pressure.  When  the  pressure  within  the 
tympanum  is  increased  by  artifici.il  means,  or  as  the  result  of 
pathological  processes,  and  the  cavity  has  attained  its  great- 
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est  dimensions  by  the  maximum  displacement  of  the  mem- 
brana  tympani  outward,  the  next  result  is  a  displacement  of 
the  membrana  tympani  secondaria  and  of  the  foot-plate  of  the 
stapes  inward,  increasing  the  tension  of  the  perilymph.  The 
movement  of  the  stapes  toward  the  vestibule  is  permitted  by 
the  separation  of  the  articular  surfaces  of  the  malleus  and 
incus.  Tbc  changes  in  the  endolymphatic  pressure  are  the 
same  as  those  in  the  perilymph.  This  expbins  the  phenom- 
enon observed  frequently  after  over-inflation  of  the  tym- 
panum, functional  examination  indicating  increased  laby- 
rinthine tension  in  spite  of  the  fact  that  the  membrana  tym- 
pani has  been  restored  to  its  normal  position. 

Politzcr*  has  shown  from  experiments  that  aspiration  of 
the  tympanum — that  is,  artificially  diminishing  the  aiBrial 
pressure  within  it — lowers  the  labyrinthine  pressure  in.stead 
of  increasing  it.  We  might  suppose  at  first  that  this  latter 
condition  would  result  on  account  of  the  inward  displace- 
ment ol  the  ossicular  chain  from  tlic  pressure  of  the  atmos* 
phcrc.  This  diminution  of  labyrinthine  tension  (oUowing 
aspiration  of  the  tympanum  is  caused  by  the  reduction  in  pres- 
sure over  both  the  oval  and  round  windows,  which  more  than 
compensates  for  the  inward  displacement  of  the  stapes  by  the 
atmospheric  pressure  from  without.  In  Politzcr's  experi- 
ments the  pressure  within  the  labyrinth  was  equal  to  the 
pressure  of  the  atmosphere,  while  during  life  we  know  that 
it  is  slightly  less  than  this,  and  in  this  condition  a.  moderate 
reduction  of  tension  in  the  intratympanic  air  would  lower 
labyrinthine  tension  considerably.  As  soon  as  the  pressure 
in  the  middle  ear  is  greatly  reduced,  labyrinthine  tension  must 
increase  from  the  extensive  inward  excursion  ol  the  stapes. 
The  truth  of  these  conclusions  is  dcmonstnitcd  by  the  cRcct 
of  aspiration  and  auto-inRation  upon  the  perception  of  sounds 
ol  different  pitch,  as  well  as  the  influence  which  these  pro- 
cedures exert  upon  the  conduction  of  sound  through  the  solid 
media  of  the  skull.  It  has  been  proved  by  Bczold  and  Steben- 
mannt  that  a  sudden  increase  in  labyrinthine  pressure  renders 
the  perception  of  high  notes  more  keen,  and  increases  bone- 
conduction  as  a  rule.  The  over-inflation  of  the  tympanum  has 
been  found  by  the  same  investigators  to  effect  similar  changes. 
Aspiration  of  the  middle  ear,  on  the  other  hand,  according  to 
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>enmann,*  usually  diminishes  bone-conduction — a  resul 
which  we  should  expect  from  the  reduction  of  labyrinthine 
pressure.  The  power  of  hearing  high  notes  is  not  [larlicu- 
larly  affected  by  this  procedure,  on  account  o(  (he  short  wave- 
lengths of  such  sounds  and  the  proximity  of  the  area  to  the 
middle  car  of  the  cochlea  specialized  (or  their  reception.  If 
the  perception  of  high  notes  is  at  all  affected,  it  is  rendered 
less  keen. 

Increased  tension  within  the  labyrinth  from  displacements 
of  the  ossicular  chain  inward— a  condition  which  may  be 
brought  about  from  a  shortening  of  the  muscular  or  liga. 
mentous  structures  attached — is  corrected,  up  to  a  certain 
point,  by  a  displacement  of  the  membrana  tympani  secondaria 
in  the  opposite  direction.  When  the  limit  of  its  elasticity  is 
reached,  the  perilymph  can  no  longer  vibrate.  Up  to  thif 
point,  however,  the  entrance  of  sound  waves  into  the  laby 
rinth  is  not  prevented.  Under  certain  pathological  condi 
tions  the  membrane  ol  the  ruund  window  becomes  thickened 
and  loses  its  elasticity.  When  this  occurs  even  a  moderate 
displacement  of  the  stapes  inward  may  be  sufficient  to  render 
vibration  of  the  labyrinthine  fluid  impossible.  This  rigidity 
at  the  round  window  exerts  a  greater  influence  when  sudden 
changes  in  labyrinthine  tension  occur  from  extensive  and 
sudden  displacement  ol  the  membrana  tympani  and  ossicular 
chain  inward,  than  where  these  changes  conic  on  gradually. 
When  the  pressure  is  slowly  increased,  a  compensator)'  outflow 
of  the  labyrinthine  fluid  through  the  channels  of  communica- 
tion with  the  intracranial  lymph  spaces  is  possible:  but  sud* 
den  augmentation  of  tension  can  not  be  relieved  in  this  way. 
on  account  of  the  friction  of  the  column  of  fluid  ngainst  the 
walls  of  the  capillary  passages  through  which  it  is  forced. 
This  explains  why  we  find  so  great  a  reduction  o(  the  upper 
tnne-liniil  in  sudden  closure  of  the  Eustachian  Lube,  while 
proliferative  changes  within  the  middle  ear  cause  secondary 
labyrinthine  involvement  only  after  a  long  period — in  the  one 
case,  pressure  being  increased  suddenly,  in  the  other  case, 
gradually. 

The  individual  parts  of  the  auditory  tract  having  been 
considered,  a  few  words  may  not  be  out  of  place  in  review- 
ing its  action  as  a  whole. 
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REACTION  OK  AUmTORV  NERVE  TO 

Under  ordinary  conditions,  sonorous  impulses,  projected 
through  the  air,  reach  ihc  end-organ  of  the  nerve  specialized 
for  sound  perception  by  the  tratismutation  of  ai'rial  waves  of 
condensation  and  rarefaction,  through  the  agency  of  the  tyin. 
panic  structures,  into  waves  of  AimiLiir  character  in  the  laby- 
rinthine rlutd.  These  waves  in  turn  impress  the  terminal 
filaments  of  the  auditory  ncn-c  in  a  spccitic  manner.  Nor- 
mally, then,  sounds  are  best  heard  through  the  air;  it  is  pos- 
sible, however,  for  the  fluid  within  the  labyrinth  lo  be  set  in 
vibration  through  the  medium  of  the  cranial  bones,  resulting 
in  the  phenomenon  of  sound  perception.  When  the  laby- 
rinth is  intact,  musical  notes  are  interpreted  with  a  fair  de- 
gree of  accuracy  when  they  reach  the  labyrinth  by  bone- 
conduction — that  is,  when  the  vibrating  body  is  brought  in 
contact  with  the  bones  of  the  head.  There  arc  reasons  for 
believing  that  even  when  the  labyrinth  is  seriously  affected 
the  auditory  nerve  itself  may  react  to  vibrations  which  arc 
conveyed  to  it  through  the  bones  of  the  skull.  An  explana- 
tion of  this  fact  is  offered  by  Gad,*  who  advances  the  hy- 
pothesis that  under  normal  conditions  the  auditory  nerve- 
trunk  not  only  transmits  stimuli  resulting  from  the  analysis 
of  complex  sounds  by  the  labyrinth,  but  is  also  excited  by 
the  impulses  of  the  vibrating  body  acting  as  a  mechanical 
stimulus.  This  last  effect  will  not  be  prevented  by  the  de- 
struction  of  the  portion  of  the  nerve  designed  for  the  analysis 
of  sound,  the  impression  received  affecting  the  sensorium  as 
a  whole  rather  than  as  distinct  individual  notes.  The  in- 
creased electric  irritability  of  the  nerve,  so  often  found  where 
the  labyrinth  has  been  destroyed  in  the  course  of  physio- 
tc^ical  experiments,  rather  adds  weight  to  this  view.  Even 
where  the  labyrinth  is  entirely  separated  from  the  auditory 
nerve-trunk,  the  excitation  of  the  nerve  by  sounding  bodies 
oi  different  pitch  would  probably  produce  difTcrcnt  effects 
upon  the  perceptive  centres,  although  the  exact  differences 
could  not  be  defined  by  the  subject.  In  this  hypothesis  Che 
auditory  nerve  follows  the  laws  which  govern  the  reaction  of 
all  sensory  and  motor  nerves  to  stimuli  of  various  kinds. 
whether  they  be  thermal,  mechanical,  or  electrical.  The 
weak  point  of  this  theory  lies  in  the  fact  that  in  physiological 
experiments  one  can  never  be  certain  that  the  cochlea  has 
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been  entirely  destroyed,  while  in  cases  of  exfoliation  of  ihc 
cochlea  in  man,  as  the  result  of  disease,  the  process  has  usu* 
ally  been  unilateral,  and  the  part  played  by  the  niiaUected 
car  can  not  be  excluded  with  certainty.  Corradi*  has  demon- 
strated by  experiment,  that  in  the  jKirpoise  destruction  of 
both  cochleae  onuses  complete  deafness:  but  it  is  not  sate  to 
say  that  the  same  result  will  follow  in  the  human  species.  It 
is  enough  lor  practical  purposes  to  remember  that  the  cxaci 
interpretation  of  sound  is  only  possible  when  the  cochlea  is 
iotact;  while  it  is  probable  that  the  stimulation  of  the  nerve- 
trunk  itself  may  be  effected  by  a  sounding  Ujdy  or  other 
stimulus,  even  if  ihc  cnd-organ  has  been  dcsiroycd. 

The  Concerted  Action  of  the  Auditory  Apparatus. — It  is 
still  a  question  of  dispute  as  to  the  exact  iiinuence  exerted  by 
the  auditory  organ  of  one  side  upon  that  of  the  oppi>silc  side 
of  the  body.  Unquestionably  the  hearing  ia  most  delicate 
when  both  organs  arc  in  perfect  conditirm.  If  one  ear  is 
occluded  by  the  finger  or  obstructed  from  any  pathological 
process,  sound  perception  becomes  less  acute,  and  the  power 
to  distinguish  the  location  of  a  sounding  body  is  correspond- 
ingly interfered  with.  No  doubt  the  correlation  of  the  organs 
of  the  opposite  sides  dcjicnds  largely  upon  the  decussation  of 
the  fibres  of  the  cochlear  nerve  in  the  brain, as  described  in  the 
pages  devoted  to  anatomy  of  tlie  auditory  nerve.  It  must  be 
remembered,  however,  that  if  perfect  audition  presupposes  the 
anatomical  {jcrfcction  of  both  organs,  a  condition  might  exist 
in  which  the  iransmissiou  of  sonorous  waves  by  ihe  a])j)aratus 
of  one  side  would  be  so  incorrect  as  to  interfere  with  the 
perception  of  those  conveyed  through  the  auditory  oi^an  of 
the  opposite  side.  Cases  arc  met  with  in  which  the  hearing 
can  be  improved  by  completely  occluding  one  car  artiticially, 
thus  excluding  the  sound  waves  from  it.  That  in  the  normal 
subject  binaural  audition  is  better  than  monaural  is  explained, 
according  to  Urt)antscliitsch,t  by  the  fact  that  the  stinUdation 
of  the  peripheral  organ  of  the  auditory  nerve  on  one  side,  ren- 
ders the  perceptive  centre  on  the  corresponding  side,  and  which 
receives  fibres  from  the  opposite  car,  more  susceptible  to  the 
action  of  the  sound  waves.  This  excitation  of  the  receptive 
centre   renders  it   responsive  to  slight   stimuli   reaching  it 
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throuffh  the  opposite  car.  In  support  of  this  argument,  we 
recall  ihc  fact  that  the  ncutcness  of  audition  upon  one  side 
lor  any  given  sound  will  be  increased  if  the  organ  of  the 
opposite  side  is  at  the  same  time  brought  under  the  influence 
of  sounti  waves  of  a  different  character  ;  thus,  for  inslance,  a 
waich  ma}'  be  more  clearly  perceived  in  the  right  ear  if  a 
vibrating  tuning  fork  is  held  close  to  the  meatus  of  the  left. 
!n  this  way  UrbanLschitscli  explains  the  phenomenon  of  pant- 
cousis  Willisii,  the  action  of  loud  sounds  serving  to  stimulate 
the  receptive  centres,  after  which  relatively  feeble  stimuli,  as 
vibrations  o(  small  amplitude,  may  be  perceived.  Binaural 
audition,  then,  would  owe  its  acutcncss  to  the  exciting  action 
of  one  auditory  centre  upon  the  other.  Politicr,*  on  the 
other  hand,  believes  that  the  greater  acuteness  of  binaural 
audition  depends  upon  the  fact  that  it  represents  ihe  cffeel 
of  an  impulse  acting  upon  a  greater  area,  and  hence  pro- 
ducing a  more  marked  impression,  upon  purely  mechanical 
principles.  This  latter  suggestion  seems  the  more  simple,  and 
yet  a  close  observation  of  the  phenomena  produced  by  vari- 
ous pathological  processes  reveals  the  existence  of  such  an 
intimate  interdependence  between  the  organs  ol  the  opposite 
sides,  that  it  is  hard  to  believe  that  this  association  docs  not 
play  an  important  part  under  normal  as  well  as  under  patho- 
logical conditions. 

Reflex  Phenomena.— We  have  spoken  at  length  of  the  ac- 
tion of  one  auditory  organ  upon  the  other,  but  it  must  not  be 
iorgolien  that  the  nucleus  of  the  eighth  nerve  of  either  side 
communicates  not  only  with  its  fellow,  hut  is  intimately  asso- 
ciated with  the  central  nuclei  of  the  other  cranial  nerves,  as 
well  as  with  various  spinal  centres,  The  function  of  the  car 
is  affected  not  only  by  the  action  of  sonorous  waves,  but  also 
reHcxty  by  the  action  of  various  stimuli  upon  other  centres 
with  which  the  auditory  is  in  intimate  relation.  Conversely, 
any  excitation  of  the  stjund-perceiving  apparatus  may  effect 
psychical,  sensory,  or  motor  changes  in  remote  regions  of 
the  t>ody.  The  phenomenon,  often  observed,  of  starting  at 
any  sudden  sound  undoubtedly  depends  upon  reflex  action; 
the  association  between  particular  sounds  various  colors  and 
is  an  example  of  the  curious  effect  produced  on  account  of 
the  communicating  fibres   between    the  acoustic  and    visual 
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centres.  On  the  other  hand,  the  power  of  audition  may  be 
perverted  or  annulled  reRexly,  by  a  pathological  condition 
affecting  fibres  of  a  nerve  trunk,  the  centres  of  which  are  in. 
timately  associated  with  the  auditory  nerve  nuclei. 

Phenomena  dependent  upon  Circulatory  Changes.— 
Through  the  intimate  relation  which  exists  between  the 
blood-vessels  of  the  labyrinth,  the  tympanum,  the  higher  nenx 
centres  presiding  over  audition  and  the  cervical  sympathetic. 
it  is  plain  that  circulatory  changes  must  exert  an  important  in- 
fluence upon  the  function  of  audition,  perverting  or  impairing 
it,  either  indirectly  by  inducing  vascular  changes  within  the 
tympanum  or  directly  by  causing  circulatory  changes  in  the 
end  organ  or  ganglia  of  the  eighth  nerve.  This  fact  is  to  be 
particularly  remembered  in  considering  certain  subjective 
symptoms  frequently  complained  of,  experience  showing  that 
correction  of  vaso-motor  tone  often  relieves  the  manifesta- 
tions. On  the  other  hand,  disturbances  in  the  blood  supply 
may  depend  upon  actual  organic  changes  in  the  vessels  or  in 
the  blood  itself.  It  is  evident,  especially  in  the  consideration 
of  subjective  phenomena,  that  there  exists  a  brrjad  field  for 
speculation,  not  only  in  diagnosis,  but  also  In  the  selection 
of  appropriate  therapeutic  measures. 

Secondary  Phenomena.— In  this  same  line  tie  those  dis- 
turbances, both  objective  and  subjective,  which  depend  upon 
a  morbid  process  in  some  other  organ  of  the  body.  Here  we 
may  mention  the  symptoms  met  with  in  connection  with  con* 
geslive  derangements  of  the  lai^er  viscera,  and  relieved  only 
by  remedies  appropriate  for  the  correction  of  the  exciting 
cause.  Disturbance  of  the  auditory  centres  in  the  female  is 
not  uncommon  in  uterine  and  ovarian  disorders. 

The  relation  between  ocular  and  aura!  derangements  has 
lately  been  emphasized  by  Oliver  and  Cleveland  :*  many  of 
these  must  be  reflex  in  character.  The  reflex  disturbances  of 
the  most  importance  are  those  occurring  in  (he  domain  of 
the  trigeminal  nerve.  This  nerve  supplies  many  filaments  to 
the  external  and  middle  car,  and  in  the  latter  location,  it  will 
be  remembered,  a  close  association  exists  between  the  cranial 
and  sympathetic  nerves.  As  a  result,  any  morbid  condition 
which  involves  parts  supplied    by  the   trigeminus  may,  by 

*  Dumctt't  System  of  Diwucs  o(  ikc  Eu,  Nascand  Thnwu    PbUadclplua,  i8ga, 
<ro1.  i,  p.  $16. 
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invotvemeTit  of  the  nerve  elements  which  they  contain,  so 
interfere  with  the  trophic  supply  of  some  portion  of  the  ear 
as  to  cause  not  only  functional  disturbances  but  even  organic 
changes  in  the  tissues. 

In  this  connection  the  influence  of  dental  caries  is  the  most 
faniilLir  instance,  it  having  been  proved  that  decayed  tcclh 
may  produce  not  only  a  functional  disturbance  of  the  organ 
of  hearing,  but  also  an  acute  inflamniation  of  the  tympanum. 
Most  interesting,  also,  is  the  close  relation  between  corre- 
sponding parts  of  the  auditory  apparatus  of  the  opposite  sides 
of  the  body.  Here,  no  doubt,  the  phenomena  obse^^•ed  de- 
pend upon  reflex  action  through  the  sympathetic  and  cranial 
nerves  and,  in  many  cases,  upon  the  decussation  of  the  audi- 
tory fibres  within  the  brain.  The  effect  is  at  first  reflex  in 
character,  but  later  the  result  of  degeneration  or  atrophy. 
The  so-called  "  sympathy  "  between  the  ear  of  one  side  with 
that  of  its  fellow  was  recognized  by  Kramer.*  Wharton  joncs.f 
and  many  other  early  writers.  Recently  UrbantschJtsch :{:  lias 
written  extensively  upon  the  subject. 

The  effect  of  increased  labyrinthine  tension  from  rigidity 
and  displacement  inward  of  the  ossicular  chain  upon  the  func- 
tion of  the  opposite  car  is  made  prominent  by  Webcr-Licl  " 
and  by  Cholcwa.i  The  writer*  has  also  called  attention  to  the 
(act,  especially  in  cases  operated  upon  for  chronic  inflamma- 
tory conditions  of  the  tympanum,  that  the  function  of  the  op- 
posite ear  has  been  improved  after  operation.  Gell£  ()  is  in- 
dined  to  look  upon  the  temporary  impairment  of  function 
observed  when  the  meatus  is  closed  with  the  finger,  while  at 
the  same  time  a  vibrating  body  is  held  close  to  the  unob- 
structed meatus,  as  due  to  a  reflex  contraction  of  the  ten- 
sor tympani  muscle  upon  ihc  non-occluded  side,  and  makes 
use  of  the  experiment  to  prove  the  integrity  of  the  upper  cer- 
vical  nerves,  these  being  comprised  in  the  rellex  chain.     It 


■  Ohttnhcilli.,  18)6,  p.  145. 
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*  N.  Y.  Eye  anJ  E»r  Infirmary  Keiiorls,  vol.  i.  p.  50,  vol,  u,  p,  6«.  Wood'* 
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seems  to  me  chat  the  manifestation  can  be  better  accounted 
for  by  the  direct  effect  of  the  |)res-';urc  upon  the  end  organ  of 
the  acoustic  nerve,  and  the  transmission  of  the  stimulus  lo  the 
perceptive  centres  of  both  sides. 

Like  other  nerves,  the  auditory  trunk  may  be  rendered 
less  capable  of  transmitting  impulses  cither  by  overuse  or 
disuse,  and  lor  the  same  reasons  the  higher  receptive  cen. 
tres  may  cease  to  functionate  properly.     Thus,  if  the  car  is 
subjected  (or  a  long  time  to  the  action  of  a  single  sound,  (his 
particular  note  will,  after  a  time,  cease  to  be  perceived  as 
readily  as  at  the  beginning  of  the  experiment,  although  per- 
ception for  other  notes  of  the  scale  will  be  unaffected.     If,  on 
the  other  hand,  the  nerve  is  allowed  to  remain  inactive  for  a 
long  period,  as  where  serious  obstruction  to  sound  conduc- 
tion has  rendered  the  ear  of  little  practical  use,  it  is  found 
that  even  after  the  removal  of  the  obstruction  and  the  resto> 
ration  of  the  conducting  mechanism  to  a  normal  condition, 
the  function  of  the  ear  is  imperfect  from  the  faa  that  the 
nerve  has  been  so  long  at  rest  that  it  is  not  able  to  subserve 
the  purpose  for  which  it  was  designed.    On  the  other  hand, 
after  the  nerve  trunk  and  receptive  centres  have  been  once 
excited,  they  react  mori;  readily  to  stimuli  and  require  less 
energy  to  maintain  them  in  a  condition  of  irritability  than 
would  be  required  to  arouse  them  from  a  state  of  repose.     It 
is  frequently  found,  in  testing  the  hearing  with  a  watch  or 
other  similar  instrument,  that  the  hearing  distance  will  be 
greater  if  the  sounding  body  is  first  held  close  to  the  ear  and 
then  gradually  withdrawn  until  it  is  no  longer  heard,  than 
if   the  experiment  is  reversed:    the  sounding  body  being 
gradually  carried  toward  the  car  from  a  point  at  which  it  is 
not  perceived  until  a  position  is  reached  where  it  is  distinctly 
audible.    This  means  simply  that  the  auditory  nerve  having 
once  been  excited,  reacts  to  a  stimulus  of  less  intensity  than 
that  required  for  its  initial  excitation.     On  account  uf   the 
decussation  of  the  auditory  fibres  in  the  medulla,  it  is  also 
true  that  the  functional  activity  of  the  ear  on  one  side  may 
be  increased  by  stimuli  directed  to  the  opposite  ear. 

Urbanischitsch  *  explains  this  upon  the  hypothesis  that  the 
excitation  of  the  cortical  centre  of  one  side  by  means  of  sono- 
rous  vibrations  acting  upon  the  opposite  ear  renders  sound  per- 

*  Ldirb.  tier  Ofann.,  1890^  p.  41& 
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ception  more  acute  in  the  other  ear  on  account  of  the  decussa* 
tion  o(  the  auditory  fibres,  through  which  the  cortical  centre 
receives  fibres  from  the  labyrinth  of  the  corresponding  and 
opposite  sides.  Stimulation  of  the  opposite  labyrinth  increases 
the  irritability  of  the  centre  and  causes  it  to  respond  to  a 
slighter  stimulus,  whether  this  is  received  through  the  cor- 
responding or  opposite  end  organ.  I  have  already  suggested 
such  an  influence  in  explaining  the  improvement  observed  in 
the  organ  not  operated  upon  in  cases  subjected  to  operative 
procedures.  Urbantschitsch  *  has  so  extended  the  field  of 
possible  utility  in  this  direction  that  it  is  of  the  utmost  im- 
portance to  bear  the  relation  In  mind  on  account  ol  its  thera- 
peutic usefulness.  This  writer  urges  that  this  stimulation  of 
the  perceptive  centres  may  follow  the  action  of  sonorous 
vibralinns,  even  if  the  car  acted  upon  is  so  defective  as  to  be 
incapable  of  transmitting  impulses  to  the  degree  necessary  for 
actual  sound  perception  on  the  part  of  the  patient.  In  other 
words,  when  the  organ  of  one  side  has  been  rendered  entirely 
useless  by  sclerotic  changes  in  the  conducting  mechanism,  he 
deems  it  warrantable  lo  relieve  this  physical  abnormality  be- 
(ore  the  influence  which  it  may  exert  upon  the  opposite  side 
can  be  decided. 

We  have  discussed  the  effect  upon  the  receptive  centres 
of  overstimulation  by  sonorous  waves,  and  also  the  result  fol- 
lowing a  long  period  of  inactivity.  It  must  be  remembered 
that,  like  other  nerve  centres,  the  auditory  nuclei  and  fibres 
react  to  other  stimuli  than  those  for  which  they  were  cspc- 
cially  designed.  Pressure  upon  the  terminal  filaments,  trunk, 
or  centre  of  the  eighth  nerve  excites,  perverts,  or  destroys  its 
(unction.  Slightly  increased  pressure  upon  the  terminal  fila- 
ments, from  congestion  of  the  labyrinth,  may  render  the  nerve 
exceedingly  sensitive,  and  may  give  rise  to  subjective  noises 
(parresthesiK).  One  of  the  most  curious  effects  observed 
Irom  this  Increased  activity  is  the  persistence  o(  auditory 
impressions;  for  example,  when  a  certain  piece  of  music  is 
played  upon  the  piano,  the  hypcrsesthetic  centre  may  retain 
a  mental  picture  of  this  for  a  long  period,  and  the  individual 
be  annoyed  for  bonrs  altcrward  by  the  subjective  impression 
of  hearing  the  selection  continually,  exactly  as  it  has  been 
played  originally.     In  ihe  same  manner  it  is  not  an  uncom- 


*  Arcb.  fSr  Ohrcnhcilk.,  voL  xxxr,  p.  t. 
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mon  experience  for  paticnls  to  aver  that  they  hear  the  tick 
of  a  watch  even  after  the  sound  has  ceased,  the  impression 
once  received  being  maintained  (or  a  long  interval.  It  is  of 
freat  importance  to  bear  this  in  mind  in  testing-  the  hearing 
with  any  tnslrumenl,  such  as  the  watch  or  acoumcter,  where 
the  same  sound  is  repeated,  as  otherwise  erroneous  conclu- 
sions will  be  reached. 

Too  great  stimulation,  either  on  account  of  the  sudden 
condensation  of  air  in  the  auditory  canal,  as  when  a  loud  ex- 
plosion takes  place  close  to  the  ear,  or  by  loud  sounds  con- 
tinued for  a  considerable  period,  may  cause  great  impairment 
ol  hearing  for  varying  intervals  of  time,  the  sudden  increase 
in  pressure,  on  the  one  hand,  or  the  prolonged  and  intense 
excitation  on  the  other,  completely  destroying  either  tran- 
siently or  permanently  the  function  of  the  delicate  perceptive 
portions  of  the  auditory  system.  Familiar  examples  of  these 
effects  are  observed  among  artillerymen,  in  whom  a  tempo- 
rary impairment  of  hearing  is  not  uncommon,  after  exercise 
with  the  great  guns  of  the  battery.  Among  soldiers  who 
have  been  under  heavy  fire  for  many  days,  the  prolonged 
and  excessive  excitation  of  the  receptive  centre  or  of  the 
terminal  filaments  of  the  nerve  has  been  known  to  produce 
permanent  results,  although  usually  the  impairment  has  been 
but  temporary. 


CHAPTER   HI. 


PHYSICAL  EXAMINATION. 


Preliminary  Observations. — Before  describing  in  detail  the 
instniments  needed  for  llic  proper  exiiininatinn  of  tlie  ear,  let 
us  recnll  briefly  the  topography  of  the  region. 

The  exlcrii^kl  meatus  is  made  up  of  two  tubes,  joined  al  an 
angle  in  both  the  vertical  and  horizontal  planes,  re-entrant 
downward  and  forward.  The  fundus  of  this  canal  constitutes 
the  drum  membrane,  and  is  continuous  with  its  cutaneous  liii> 
ing.  The  length  of  the  entire  passage,  mc-nsured  frnm  its  out- 
ermost point — that  is,  from  the  tragus  to  the  drum  membrane 
— is  thirty-six  mitlimetres.  or  about  one  inch  and  a  half.  This 
should  be  remembered  as  de- 
termining the  proper  length  of 
instruments  to  be  manipulated 
in  the  meatus.  It  should  also  be 
borne  in  mind  that  of  this  inch 
ami  a  half,  a.  litltc  less  Than  one 
inch  of  the  tube  is  cartilaginous 
and  a  little  over  hall  an  inch 
osseous.  The  general  direction 
of  the  cartilaginous  tube  is  up- 
ward, backward,  and  inward, 
while  that  of  the  bony  conduit 
is  downward,  forward,  ami  in- 
ward.  For  the  satisfactory  in- 
spection of  the  deeper  parts,  it 
is  evident  that  the  axes  of  these 
canals  must  tie  made  as  nearly  as 
possible  coincident ;  as  the  out- 
er portion  is  movable,  traction 
upon  the  auricle  up^vard  and 
backward  tends  to  bring  the  axes  into  the  same  straight  line. 

Fig.  25  illustrates  the  position  ;issumed  by  the  parts  in  the 
adult  when  the  auricle  is  drawn  upward,  backward,  and  out- 
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Fin.  35— r'en-drawlnj;  from  adult 
tpecim«ii,  showing  the  remit  of 
dfawin^  the  auritle  ujniafii  (nil 
hackwAril,  The  axc^of  llic  l>imy 
tnA  corl ilagirouB  inc«tH»  arc  rnnde 
coinctileiil,  pcnndiciip  an  inspcc- 
lioR  of  llic  drum  (nciDuruiic  txclu^tl 
tue). 
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ward.  It  will  be  seen  that  ihc  cartilaginous  and  bony  meatus 
form  practically  a  straight  canal,  the  angle  marking  their 
junction  having  been  obliterated  by  traction  in  the  directions 
named. 

In  infants  the  superior  and  inferior  walls  of  the  meatus  arc 
in  contact  and  must  be  separated  before  the  mcmbrana  tym- 
pani  can  be  seen.  This  is  due  to  the  absence  of  the  bonjr 
meatus  at  birth.  As  the  superior  wall  of  the  fibro-cartilaginous 
tube  is  attached  to  the  squama,  the  separation  of  the  walls  cnn 
be  effected  only  by  traction  downward  and  backward,  the  in- 
ferior wall  being  pulled  away,  so  to  speak,  from  the  superior 
wall.     Fig.  26  clearly  dcnionsLrales  this  (act,  and  il  should  be 
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Fig.  36.^Diiwlng  from  specimen  at 
birth.  Troclion  muM  lie  made  ilown. 
ward  anil  hackwani  tu  i^i|)cnt:  the 
■Bcmbrana  tjrmpani  (aclanl  liic). 


FlC  ay. — Drawing  from  iptfcimeo  from 
child,  leeA  five  yeiLrt..  The  develop- 
ment of  the  l>ony  inc;ila«  has  scparnicd 
the  superior  anil  Infi^rior  ualli,  but 
tiuL-liun  [luwnuran.!  wJU  ilill  cxtXMC  (he 
mc^mlinna  i;rni|)aEii  niosL  cumiilclcly 
(actual  lice), 


remembered  that  in  young  children  the  auricle  should  be 
drawn  outward,  backward,  and  downward  in  making  a  specu- 
lum examination. 

In  children  several  years  old  the  development  of  the  bony 
canal  has  etTccted  this  separation  of  the  walls  of  the  deep 
meatus,  but  even  in  these  cases  the  mcmbrana  tympani  is 
more  clearly  seen  if  the  auricle  is  drawn  slightly  downward 
rather  than  upward.  Fig.  27.  drawn  from  a  specimen  taken 
from  a  child  of  five,  makes  this  clear. 

Since  the  cartilaginous  meatus  alone  is  dilatable,  the  field 
of  inspection  can  not  be  increased  tn  size  by  crowding  a 
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dilating  instrument  beyond  the  osseo-carlilaginous  junction. 
On  the  other  hand,  since  such  a  prticediire  fixes  the  two  por- 
tions immovably  at  their  angle  of  union,  the  field  of  inspection 
must  be  considerably  narrowed.  Moreover,  an  instrument  of 
greater  external  diinensiuns  than  the  calibre  of  the  fibru- 
carliliiginous  tube  will  crowd  the  soft  parts  inward  toward 
the  trbro^osscous  junction,  and  this  mass  will  obstruct  the  view 
of  ihc  deeper  parts. 

The  fundus  of  the  canal  is  formed  by  the  drum  membrane. 
This  is  obliquely  placed  both  in  the  horizontal  and  vertical 
planes  of  the  long  axis  of  the  meatus.  The  inferior  margin 
tA  the  membrane  forms  an  angle  with  the  liorizontal  plane  of 
from  thirty  to  forty  degrees,  while  the  anterior  margin  makes 
an  angle  »il  about  one  hundred  degrees  with  the  vertical  me- 
dian antcro-posterior  plane  of  the  body.  From  the  confor- 
mation of  the  meatus  at  it-i  inner  extremity,  the  angles  which 
the  inembrana  tympani  makes  with  the  posterior  and  superior 
walls  are  somewhat  greater  than  those  made  with  the  vertical 
and  horizontal  planes.  In  other  words,  the  druni  membrane 
is  really  a  continuation  of  the  superior  wall  of  the  meatus, 
and,  to  a  less  extent,  of  the  posterior.  I'Vom  this  it  follows 
that  the  superior  and  posterior  margins  of  the  membrane  are 
nearer  the  orifice  of  the  meatus  than  the  inferior  and  anterior. 
In  the  young  infant  the  membrana  tympani  lies  in  the  plane 
of  the  surface  of  the  stpiania.  To  be  brought  into  view  the 
operator  must  direct  his  glance  upward  toward  the  superior 
wall  of  the  canal. 

In  investigating  diseases  of  the  ear  it  has  been  the  custom 
to  lay  special  emphasis  upon  the  appearance  of  the  drum 
membrane  as  observed  upon  ocular  inspection,  and  to  form 
Ot>inions  as  to  the  prognosis  of  any  malady  largely  from  the 
inform3ti<m  thus  obliiined.  It  should  be  remembered  that  in 
roost  cases  wc  are  consulted  for  an  impairment  or  perversion 
of  the  function  of  the  organ,  and  hence,  while  inspection  of 
the  visible  parts  is  very  important  and  should  be  made  with 
all  the  skill  attainable,  it  is  also  equally  important  to  conduct 
a  systematic  functional  examination,  for  the  discovery  of  the 
location,  extent,  and  nature  of  the  pathological  ciindition  re- 
sponsible lor  the  symptoms  complained  of  by  the  patient,  and 
to  determine  as  well  to  what  extent  the  power  of  sound  per- 
ception is  interfered  with,  the  normal  car  being  taken  as  tlie 
Standard  in  conducting  such  tests.     In  this  manner  wc  can 
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more  intelligibly  estimate  the  amount  of  damage  done,  and, 
combining'  the  information  obtained  both  from  functional  and 
physical  examination,  we  arrive  at  an  opinion  of  greater  value 
than  that  obtained  by  ocular  inspection  merely. 

To  properly  examine  the  parts  so  situated  as  to  be  open 
to  ocular  inspection  it  is  necessary  to  secure  a  proper  illumi- 
nation of  the  region.  From  the  depth  and  sinuous  course  of 
the  auditory  meatus,  examination  by  direct  illumination  has 
never  been  as  successful  as  when  the  light  has  been  reflected 
upon  the  parts  by  means  of  a  mirror. 

The  Source  of  Light.— We  have  to  consider,  in  the  first 
place,  the  source  of  light.  If  sunlight  could  always  be  de- 
pended upon  it  would,  no  doubt,  be  the  best  source  of  illumi- 
nation for  an  otoscopic  examination.  The  direct  rays  of  the 
sun,  when  reflected  into  the  ear,  produce  such  a  brilliant  illu- 
mination of  the  parts  that  detail  is  obscured.  Difluse  day- 
light  or  light  from  a  white  cloud  forms  a  very  perfect  source 
of  illumination,  but  naturally  can  not  always  be  obtained.  I 
am  in  the  habit,  therefore,  of  advising  students  to  accustom 
themselves  to  the  various  appearances  as  seen  by  artificial 
light.  An  ordinary  oil  lamp,  if  fitted  with  a  duplex  or  other 
powerful  burner,  is  an  excellent  source  of  illumination.  The 
same  can  be  said  of  an  .Argand  gas-burner;  even  a  common 
candle  emits  sufficient  light  to  enable  the  surgeon  to  make  a 
perfect  examination,  and  to  perform  any  operation  within  the 
canal  which  an  emergency  might  demand.  At  least  one  of 
these  means  of  artificial  illumination  can  be  found  in  any 
house,  and  familiarity  with  normal  and  pathological  appear- 
anccs  when  viewed  by  such  light  caji  not  fail  to  be  of  great 
service  to  the  otologist,  who  is  often  obliged  to  make  an 
examination  at  the  bedside.  For  convenience  in  making  an 
examination  at  the  bedside,  as  an  adequate  source  o(  illumina- 
tion may  not  always  be  obtainable  without  delay,  or  may  dc- 
mand  the  aid  of  an  assistant  to  permit  of  a  proper  examination 
without  moving  the  patient,  it  is  well  for  the  examiner  to  be 
provided  for  such  an  emergency.  For  this  purpose  use  mar 
be  made  of  the  device  shown  in  Fig,  28,  which  consists  of  a 
clamp  which  may  be  fastened  to  a  table,  chair,  the  frame  of 
the  bedstcid,  or  any  other  firm  object  in  the  room,  as  may 
be  convenient.  This  clamp  carries  a  jointed  rod,  which  sujj- 
ports  a  short  arm  for  holding  an  ordinary  candle.  For  city 
practice  the  ordinary  fish-tail  gas-burner  may  be  substitutea 
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ble  pipe  attached  to  it.  This  apparatus  enables  one  to  secure 
a  fairly  efficient  source  o(  illumination  and  to  place  the  light 
in  exactly  the  position  (rom  which  he  may  make  the  examina- 
tion with  greatest  comfort  to  the  patient  and  in  himself,  and 
renders  the  entire  procedure  less  laborious  and  correspond, 
iugly  more  exact.  The  entire  apparatus  occupies  but  little 
K[>ace  in  the  instrument  bag.  and  greatly  facilitates  licdside  ex- 
amin.'ition.  A  small  fleet  ri'c  lamp  suitable  for  operative  work 
can  also  be  attached  to  the  vertical  rod.  while  a  light  shelf  for 
su[)porting^  an  oil  lamp  can  be  fitted  upon  the  arm  carrying 
the  candle,  if  the  examiner  prefers  this  source  of  illumination. 

The  different  appearance  of  the  parts  viewed  by  artificial 
light  as  compared  with  the  picture  seen  when  difluse  day- 
light is  employed,  depends  upon  the  fact  that  all  artificial 
sources  of  illumination  contain  a  preponderance  of  ycIU>w  rays, 
and  hence  the  reds  and  yellows  are  slightly  exaggerated  in 
the  otoscopic  picture.  No  mistake  need  be  made  if  this  lad 
is  borne  in  mind,  even  by  an  observer  accustomed  to  ihe 
use  of  white  light. 

Since  the  introduction  of  electricity  as  an  illuminating 
agent  its  employment  in  otologicat  work  has  become  quite 
common.  The  rays  which  the  incandescent  lamp  yields  arc 
almost  colorless,  and  any  desired  intensity  can  be  obtained. 
The  reneclcd  image  of  the  luminous  carbon  band  sometimes 
gives  rise  to  annoyance — a  difficulty  which  can  be  obviated  by 
the  employment  of  a  system  of  mirrors,  the  effect  of  which  is 
to  obliterate  the  image  entirely  and  yield  only  a  diffuse  white 
light,  which  the  surgeon  can  then  reflect  into  the  ear  by  means 
of  the  mirror.  A  manifest  objection  to  the  electric  light  lies 
in  the  fact  that  it  is  not  always  obtainable,  although  this  is  in 
a  measure  overcome  by  the  introduction  of  portable  storage 
batteries.  Its  greatest  advantage  is  that  when  ether  anxsthcsia 
is  required,  there  is  no  danger  of  ignition  of  the  vapor,  stDCC 
the  luminous  carbon  is  completely  inclosed. 

As  electricity,  even  when  carefully  handled,  is  a  somewhat 
capricious  agent,  it  is  well  for  the  operator  to  be  supplied  with 
an  additional  source  of  illumination  in  every  case,  so  that  in 
the  event  of  the  electric  apparatus  failing,  some  other  efficient 
means  may  be  at  hand. 

The  Reflecting  Mirror. — It  was  formerly  the  practice  in 
examining  the  ear  by  means  of  reflected  light,  to  direct  the 
rays  into  the  canal  by  a  plane  or  concave  mirror  fixed  upon  a 
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short  handle  (Fig.  29).  and  held  in  one  hand,  while  the  other 
hand  gra.<[ied  the  auricle  and  supported  the  speculum  in  the 
proper  position.  Obviously  the  most 
correct  information  is  obtainable  by 
the  simultaneous  inspection  and  ma- 
nipulation of  the  parts ;  it  is  necessary, 
therefore,  that  the  surgeon  have  one 
hand  free  for  the  use  of  a  delicate 
probe.  At  the  present  day  the  reflect- 
ing mirror  is  usually  worn  upon  the 
forehead,  and  the  polished  surface  i-t 
concave,  thus  bringing  the  luminous 
rays  to  a  focus  in  front  ol  the  mirror. 
The  light  will  be  most  intense  at  the 
principal  focus  of  the  instrument,  and 
the  best  definition  will  be  obtained  at 
a  point  just  within  this;  hence  the  focal 
distance  of  the  mirror  should  be  such 
tliat  when  the  parts  are  perfectly  il- 
luminated, the  eye  may  be  as  near  as 
[Hwsiblc  to  the  region  to  be  examined, 
while  at  the  same  time  sufficient  space 
intervenes  between  the  ear  of  the  pa- 
tient and  the  surface  of  the  mirror  for 
the  manipulation  of  such  instruments 
as  it  may  be  necessary  to  use.  It  is  seldom  practicable  for 
the  eye  of  the  observer  to  be  less  than  eight  or  ten  inches 
from  the  deepest  part  of  the  region  under  inspection.  In 
selecting  a  mirror,  therefore,  the  focal  distance  should  not 
he  less  than  seven  inches,  nnr  more  than  eleven  inches.  This 
fact  should  be  borne  in  mind  in  choosing  the  instrument,  and 
can  be  most  easily  ascertained  by  noting  the  distance  between 
the  mirn>r  and  the  hand  when  the  rays  ol  light  are  brought 
to  a  locus  upon  the  palm.  Where  artilicia)  light  is  used,  the 
rays  arc  divergent,  and  hence  the  conjugate  focus  for  such 
ravs  will  be  more  reniott  than  the  principal  focus,  which  is 
the  (K>inl  to  which  the  parallel  rays  are  converged.  It  is  also 
advisable  to  be  provided  with  a  mirror  which  will  serve  for 
an  examination  of  the  ear,  ami  of  the  nose  and  naso-phorynx  as 
well-  For  the  inspection  of  the  regions  last  named  the  local 
length  of  the  mirror  should  be  slightly  greater  than  of  one 
which  is  suitable  for  otological  work  alone.     A  mirror  of 


¥ia.  99.— Hand  mirror. 
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from  eight  to  ten  inches  focal  length  for  divergent  rays  is  well 
adapted  in  general  use,  it  being  only  ncccssnry  to  muve  the 
source  of  light  a  litlle  ncarL-r  tin-  mirror  when   the  throat  or 

misc  is  to  be  exam- 
iiicd- 

tl  tlie  illuminat- 
ing apparatus  is]iro> 
vitled  with  a  con* 
densiiig  Icits  which 
renders  the  rays 
parallel,  the  focal 
distance  as  deter- 
mined by  sunlight 
will  be  correct; 
otherwise  a  mir- 
ror uf  shorter  ft>cal 
length  for  parallel 
rays  than  that  given 
above  should  be  se- 
lected.    It    is  easy 

Fia  3a-Rcfl«tinK  mirren ^^^^^  todctcrminc  wheth- 

nead  or  han'i  mirror. 

er  the  mirror  is  pcr- 

(cctly  ground  by  observing  the  image  of  the  gas  flame  or 
candle  at  the  focal  point  of  the  mirror:  if  the  rays  are 
thrown  upon  the  hand  or  upon  a  sheet  of  white  paper,  wc 
should  secure  a  sharply  defined  image  of  the  particular  flame 
with  which  wc  are  experimenting;  if  the  edges  of  the  image 
arc  blurred,  the  mirror  is  practically  useless  for  delicate 
work.  The  size  of  the  mirror  is  also  important:  those  sold 
in  the  shops  are  usually  perforated  in  the  centre,  the  mir- 
ror being  worn  in  such  manner  that  the  perforation  will  lie 
over  one  or  the  other  eye.  thus  bringing  the  visual  ray  of 
the  examiner  through  the  centre  of  tlit  ccme  of  reflcclf«i  light. 
When  the  mirror  is  worn  in  this  way  its  diameter  should  not 
be  greater  than  three  and  a  half  inches  ;  a  diameter  of  two  and 
a  half  inches  is  fully  sufficient. 

Certain  observers  prefer  to  wear  the  mirror  upon  the  fore- 
head,  in  which  case  the  eye  of  the  examiner  does  not  took 
directly  through  the  cone  of  light,  the  rays  illuminating  the 
pans  to  be  inspected  being  reflcctt-d  from  them  at  an  acute 
angle  to  the  eye  of  the  observer.  When  this  method  of  exam- 
ination is  employed  the  diameter  of  the  mirror  is  immaterial. 
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bul  nothing  is  gained  by  increasing  the  area  of  the  reflecting 
sur/ace.  Still  other  observers  wear  the  mirror  in  such  way 
tliat  its  superior  border  is  below  the  »»rhits.  the  mirror  \ywg 
directly  over  the  nose,  and  the  examiner  looks  over  the  top  of 
the  plass  rather  than  through  its  centre.  It  certainly  seems 
more  simple  to  perfectly  illuminate  the  parts  by  the  first 
method  of  examination,  since  the  position  which  permits  of 
the  most  perfect  inspection  fjivcs  at  the  same  time  the  most 
perfect  illumination.  This,  however,  is  a  matter  of  practice, 
and  after  becoming  accustomed  to  one  method  of  examina- 
tion it  is  unnecessary  to  change,  equally  gotid  work  lieing 
possible  by  all  methods.  It  should  be  emphasized,  however, 
that  the  beginner  will  do  well  to  employ  one  method  con- 
stantly, and  not  attempt  to  be- 
come expert  at  several. 

Sometimes  the  source  of  light 
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Tu.  31.— Ilcail  inmor,  wiih  nasal  iup[>ort. 


Fic.  33.— Head  mirTDT. 


is  an  incandescent  lamp  worn  upon  the  head  of  the  exam- 
tner.  the  instrument  being  provided  with  lenses  which  focus 
the  rays  upon  the  parts  to  be  inspected ;  such  a  light  is  worn 
either  upon  the  forehead  (Fig.  33)  nr  lower  down  upon  the 
bridge  of  the  nose.  Considerable  practice  is  necessary  in 
order  to  become  expert  in  the  use  of  such  a  device  for  pur. 
poscft  of  examination,  even  after  one  is  familiar  with  the  use 
of  the  head  mirror. 

The  objection  to  a  mirror  of  large  diameter  lies  in  the 
fact  ihat  when  the  central  perforation  is  used,  the  border  of 
the  mirror  lying  close  to  the  uncovered  eye  interferes  with 
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ihe  perfect  rctaxaiion  of  ihc  organ.  This  consihutes  a  source 
of  eye  strain,  and  after  the  instrument  has  been  worn  for  sev- 
eral hours  considerable  discomfort  is  occasioned. 

Regarding  binocular  inspection  of  the  parts,  it  is  atanU 
festly  impossible  to  view  so  small  an  object  as  the  membrana 
tympani.  with  both  eyes  through  a  narrow  canal,  since  Ihe 
length  of  the  canal  and  the  small  diameter  of  the  entrance  ol 
the  meatus  would  render  it  necessary  to  have  the  examiner  so 
far  away  from  the  object  to  be  examined,  that  the  exact  struc- 
ture could  be  seen  no  longer.  The  eye  not  in  u.se  should  be 
completely  relaxed,  and  the  beginner  should  under  no  cir- 
cumstances close  it.  as  the  muscular  exertion  which  this  en- 
tails becomes  a  source  of  great  discomfort  after  a  compara- 
tively short  time.  When  the  examiner  is  accust(»med  to 
make  use  of  the  central  perforation  in  the  mirror,  and  desires 
to  use  an  incandescent  light,  this  may  be  arranged  upun 
a  standard  as  shown  in  Fig.  28.  the  rays  from  Ihe  lamp 
being  reflected  into  the  canal  in  the  same  manner  as  when 
any  other  source  of  illumiaation  is  employed.  The  fucal 
length  of  the  condensing  lens  under  such  circumstances  is  a 

matter  of  great  im- 
portance ;  its  focal 
distance  should  be 
such  that  the  rays 
are  rendered  parallel 
or  slightly  divergent 
when  ihcy  strike  the 
mirror.  If  conver- 
gent rays  fall  upon 
the  rcHccting  surface, 
thf  result  will  be  that 
the  light  will  be 
brought  lo  a  focus 
at  a  point  within  the 
true  focal  distance  of 
the  mirror,  beyond 
which  point  they  will 
again  diverge,  and 
the  illiimination  of  the  parts  will  be  imperfect  unless  the  head 
is  brought  so  close  to  the  ear  .ns  lo  render  instrumentation 
within  the  canal  impossible.  Some  prefer  to  wear  the  in- 
candescent light  upon  the  forehead  (Fig.  33),  dispcnsi^ig  with 


Fkl  )3.— Electric  lamp  worn  nixm  (he  forehead. 
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Ihe  head  mirror  entirely,  the  rays  being  brought  to  a  focus 
upon  the  deeper  parts  within  the  ca.nal  by  means  of  a  series 
ol  lenses  of  proper  curvature.  Those  accustomed  to  the  use 
of  the  head  mirror  upon  the  forehead  will  find  no  difficulty 
in  this  method  of  examination.  Where  one  habitually  uses 
the  central  [icrforation  in  the  mirror,  the  inslrument  being 
worn  over  one  eye,  considerable  practice  is  necessary  to  be- 
come expert  in  using-  the  incandescent  light  directly.  This  is, 
in  a  measure,  overcome  by  making  use  of  a  device  consisting 
ol  a  head  mirror,  to  the  periphery  of  which  a  small  incandes- 
cent light  is  attached  ;  a  metallic  reflector  and  shade  surround 
the  lamp  and  direct  the  luminous  rays  upon  the  surface  of  the 
mirror,  after  which  they  are  thrown  into  the  canal  in  the 
same  manner  as  when  a  stalirmary  lamp  is  used.  I  repeat 
here,  that  all  electric  apparatus  is  apt  to  be  capricious,  and 
that  it  is  well  in  operating  outside  of  a  hospital,  where  all 
appliances  can  be  obtained  at  a  few  moments'  notice,  to  tie 
provided  with  another  source  of  light  in  case  of  accident  to 
the  incandescent  lamp.  For  ray  own  use.  the  portable  stand- 
ard shown  in  Fig.  28  is  so  arranged  as  to  support  both  the 
iacandcscent  lamp  and  an  ordinary  gas-burner,  the  latter 
being  connected  with  any  convenient  gas  fixture  in  the 
room,  and  care  being  taken  to  have  it  in  perfect  working 
order  before  any  operation  is  begun.  The  knowledge  that 
an  accident  to  the  battery  or  lamp  will  not  prove  a  source 
of  annoyance  is  a  great  mental  satisfaction  to  the  operator. 

Aural  Specula.— In  order  to  inspect  the  deeper  parts  of 
the  meatus,  the  membrana  tympani,  and  the  tympanic  cavity, 
ii  is  necessary  to  separate  the  walls  of  the  cartilaginous  canal. 
and  to  overcome  the  irregularities,  at  the  same  time  changing 
the  axis  of  this  tube  to  correspond  with  that  of  the  osseous 
meatus.  This  latter  object  is  attained  by  traction  upon  the 
auricle  in  a  direction  upward,  backward,  and  outward,  while 
the  walls  of  the  canal  arc  at  the  same  time  separated  and 
maintained  in  n  position  by  the  aural  speculum.  These  in- 
struniciiis  may  be  made  of  hard  rubber,  metal,  or  even  of 
stiff  paper,  and  vary  in  shape.  Individual  choice  plays  a 
prominent  part  in  the  selection  of  the  particular  form  of 
instrument  to  be  employed,  but  certain  rules,  applicable  to  all 
instruments  of  this  character,  must  be  borne  in  mind.  The 
material  of  which  the  speculum  is  made  must  be  as  thin  as 
possible,  in  order  to  secure  the  maximum  field  of  inspection; 
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many  of  the  inslrumcnts  sotil  are  so  thick  and  heavy  that, 
although  the  outside  diameter  is  comparatively  large,  the 
calibre  is  very  small,  and  when  the  meatus  is  narrow  an 
instrument  that  can  be  introduced  with  comfort  to  the  pa- 
tient yields  but  a  small  area  f(}r  inspection.  Care  should 
be  taken  that  the  end  of  the  instrument  inserted  into  the 
meatus  has  a  perfectly  smooth  mai^n,  as  any  irregularity 
ol  outline  is  $ure  to  cause  discomfort  to  the  patient,  and  in 
children,  to  begin  with  an  unfortunate  accident  of  this  kind 
may  render  an  CKuminaiion  almost  impossible.  The  length 
of  the  speculum  is  also  a  matter  to  demand  attention.  It 
is  essential  that  the  instrument  shall  project  no  farther  be- 
yond the  entrance  of  the  meatus  than  is  necessary  to  per- 
mit of  its  being  firmly  held,  since  the  difficulty  of  examina- 
tion becomes  greater  wficn  the  observer  is  obliged  to  direct 
the  light  through  a  long,  narrow  passage  to  illuminate  a 
small  area  at  its  extremity,  and  at  the  same  time  recognize 
minute  variations  in  the  condition  of  the  parts.  Under  the 
most  favorable  circumstances  the  meatus  itself  presents  ob- 
stacles which  render  an  cxAct  interpretation  of  the  conditions 
observed  very  difficult,  and  to  increase  the  length  of  the 
passage  is  to  add  greatly  to  these.  The  speculum  should 
be  just  long  enougli  tci  allow  the  surgeon  to  hold  it  (irmly 
when  in  position  and  no  longer.  It  is  also  important  that 
the  portion  of  the  tube  introduced  into  the  canal  should 
taper  .slightly,  since  the  deeper  parts  are  less  distensible  than 
those  more  supcrlicially  placed,  and  Jl  the  speculum  (ills  the 
canal  completely  it  can  not  be  tilted  in  diflerent  directions. 
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Fie-  3j, — I'olitiet'*  hard  rubber 
■uial  speculum. 


FlU.  3S-— Wilde's  mral 
iipcculum. 


so  as  to  bring  the  various  portions  of  the  fundus  into  view. 
The  exact  shape  is  unimportant;  some  examiners  prefer  an 
instrument  the  orifice  of  which  is  circular  in  outline,  while 
others  advise  that  it  be  oval,  corresponding  in  form  10  the 
lumen  of  the  canal  as  seen  in  cross  section.    The  instrument 
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bearing'  the  nnmc  of  Wiltlc  is  conical,  and  the  orifice  circular, 
while  in  Grubcr's  spccultim  the  lube  is  oval  on  cross  section. 
and  instead  of  being  conical  is  somewhat  funnel-shaped.  ThiL 
last  feature  is  observed  in  the  instruments  of  Troeltsch.  Bou- 
cheron,  Toynbee,  Politzer,  and  others.  Many  prefer  a  single 
instrument  which  can  be  adjusted  to  (he  lumen  of  any  canal 
by  means  of  a  set  screw,  the  device  resembling  in  construe- 
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Fiii.  >6.— <fnib«r'i  aunl  specu- 
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Fig.  37, — Toynbee's  anral  specalA. 
(Tbe  inriniiDCTiU  arc  loo  louc  unil 
the  cut  U  introduced  lo  Jiuw  lliit.) 


lion  the  bivalve  speculum  of  the  rhinologist.  In  soitie  in- 
stances it  is  advantageous  to  have  one  wall  of  the  lube  cut 
away  for  a  certain  distance  in  order  that  the  meatus  may  be 
inspected  after  the  instrument  h.ts'been  inserted.  This  end  is 
best  accomplished  by  employing  a  wire  speculum,  the  walls 
of  the  meatus  being  separated  by  the  elasticity  of  the  mate- 
rial o(  which  it  is  constructed.  In  an  cmcrjjcncy  a  very  serv- 
iceable speculum  can  be  made  with  a  piece  o(  stiff  note  paper, 
twisted  into  the  form  of  an  elongated  cone,  the  free  edges  of 
the  paper  being  secured  by  a  pin.  a  stitch,  or  by  mucilage. 
This  cone  is  then  cut  off  at  .such  a  distance  from  the  apex  as 
will  allow  it  to  be  easily  inserted  into  the  meatus,  while  in 
the  other  direction  it  is  so  cut  as  to  red,uce  it  to  a  proper 
length.  Such  an  improvised  instrument  answers  perfectly  well 
not  only  for  diagnosis,  but  also  for  operative  purposes.  In 
(act,  I  frequently  use  them  in  preference  to  metal  specula,  even 
when  the  latter  are  at  hand.  Their  chief  advantage  is  their 
cleanliness,  the  same  cone  never  being  used  a  second  time. 

Whatever  form  of  speculum  may  be  chosen^  attention  to 
the  above  points  will  result  in  the  selection  of  a  serviceable 
instrument.  Exact  shape  is  immaterial,  as  constant  use  will 
soon  enable  the  surgeon  to  become  expert  with  any  one  of  the 
various  varieties.  One  possible  advantage  possessed  by  Ihc 
iunnel-shapcd  instruments,  in  which  the  outer  opening  is  very 
wide,  is  that  the  examiner  can  more  easily  direct  the  light 
into  the  speculum  than  when  the  smaller  instrument  of  Wilde 
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is  used.  Whether  the  interior  of  the  instrument  is  polished 
or  blackened  also  depends  upon  individual  preference.  The 
contrast  of  the  black  background  may  be  an  advantage,  but  a 
certain  amount  of  brilliancy  of  illumination  is  sacrificed. 

It  is  necessary  to  be  provided  with  specula  of  various  sizes, 
and  at  least  three  are  necessary  to  meet  the  differences  in 
diameter  of  the  orifice  of  the  meatus,  while  five  or  six  sizes 
are  still  more  advantageous.  The  proper  diameter,  accord- 
ing to  Richards,*  of  the  smaller  end  of  each  speculum  in  a 
set  of  five  of  the  Wilde  pattern  is  given  below,  and  will  be 
found  valuable ;  7  mm.,  6  mm.,  4-66  mm.,  4  mm.,  3*5  mm. 

Being  provided  with  a  satisfactory  source  of  light,  a 
proper  head  mirror,  and  a  suitable  speculum,  the  next  step 
will  be  the  technique  of  the  examination. 

The  Technique  of  Examination  (Fig.  38). — The  patient  and 
examiner  may  both  be  seated,  a  position  which  I  decidedly 
prefer,  or  both  may  stand,  or  the  patient  may  sit  while  the  phy- 
sician remains  standing.  The  patient  is  best  seated  in  a  high- 
backed  chair,  in  an  attitude  which  can  be  maintained  for  some 
time  without  discomfort,  the  head  resting  against  the  back  of 
the  chair,  the  affected  ear  being  turned  toward  the  examiner. 
The  surgeon,  either  sitting  or  standing,  should  occupy  a  posi- 
tion to  the  right  of  the  patient  rather  than  directly  facing  the 
affected  side.  Sitting  or  standing,  this  latter  position  must 
be  an  awkward  one,  and  in  the  event  of  the  examiner  prefer- 
ring to  remain  seated,  necessitates  the  separation  of  his  knees 
widely,  so  that  the  chair  of  the  patient  is  between  them. 
This  posture  is  not  only  uncomfortable,  but  for  obvious  rea- 
sons undesirable.  Moreover,  the  operator  is  not  able  to  fol- 
low any  sudden  motion  of  the  patient's  head  when  seated  in 
this  manner,  since  he  is  working  at  arm's  length.  When  the 
other  position  is  employed,  a  slight  motion  of  the  arm  enables 
the  operator  to  so  follow  any  sudden  movement  which  the 
patient  may  make  on  account  of  fear  or  pain  that  the  exact- 
ness of  the  manipulation  is  in  no  way  disturbed. 

The  light  should  be  placed,  preferably,  on  the  left  of  the 
examiner,  and  slightly  above  the  horizontal  plane  passing 
through  the  ear  to  be  examined.  In  this  manner  any  ma- 
nipulation of  instruments  with  the  right  hand  will  not  inter- 
fere with  the  rays  passing  from  the  lamp  to  the  mirror. 

*  Burnett's  System  of  Diseases  of  the  Ear,  Nose,  and  Throat,  1893,  vol  i,  p.  10$. 
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The  patient,  surgeon,  and  source  of  light  being  satisfac- 
torily arranged,  it  should  be  the  invariable  rule  to  examine 
the  auricle,  the  entrance  of  tlic  meatus,  and  the  cartilaginous 
canal  to  as  great  a  depth  as  possible  before  the  speculum  is 
introduced,  as  the  speculum  may  conceal  some  pathological 
condition  at  the  very  entrance  of  the  meatus  unless  this  rule 
is  followed.  In  order  to  examine  the  cartilaginous  canal  and 
to  prepare  for  the  insertion  of  the  speculum,  the  auricle  should 
bcg^raspcd  firmly  but  lightly  at  its  upper  and  posterior  mar- 
gin between  the  third  and  fourth  fingers  of  the  left  hand,  and 


ftc,  38, — The  ocular  iiupMtiiin  .1;     ;m  i  irif»   tvmn.ini,  rtowing  the  poiition  of 

llie  ptiteat,  the  lurgvnn.  ihc  iH>uice  i>(  light,  nnil  llic  manner  of  holding  die 
spcTulum. 

traction  shouid  be  made  upward,  backward,  and  outward.  In 
examining  the  right  ear  the  hand  lies  behind  the  auricle ;  in 
examining  the  left  ear  it  lies  above  and  anterior  to  it.  In  this 
manner  a  fairly  good  view  of  the  external  portion  of  the  meatus 
U  obtained,  and  any  irregularities  in  size  and  sha]:>e  may  be 
noted  as  well  as  any  deviation  from  the  usual  direction.  The 
information  thus  derived  enables  the  investigator  to  select  a 
speculum  of  appropriate  size,  which  should  be  grasped  lightly 
kbctwccn  the  thumb  and  index  finger  of  the  left  hand,  warmed 
'over  the  lamp,  and  then  introduced  into  the  canal  as  h'ghtly 
as  possible.  To  effect  this  the  operator  holds  the  speculum 
between  the  thumb  and  index  finger,  grasping  the  auricle, 
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as  before,  between  the  third  and  fourth  fingers  of  the  left 
hand.  While  the  auricle  is  drawn  upward,  outward,  and 
backward,  the  dilating  insfrumunt  is  gently  introduced  into 
the  meatus,  is  advanced  gradually  by  rotation  upon  its  long 
axis,  it  being  rolled,  so  to  speak,  between  the  thumb  and  index 
finger,  while  at  the  same  time  it  is  pushed  inward.  Care  should 
be  taken  not  to  pass  the  instrument  beyond  the  carlilagl- 
nous  canal,  since  this  is  not  only  painful,  but  interferes  with 
the  mobility  of  the  outer  portion  of  the  meatus,  and  hence 
limits  the  area  exposed  for  inspection.  The  speculum  must 
be  of  such  a  size  that  the  walls  of  the  canal  are  simply  sepa- 
rated by  it  and  not  stretched,  as  this  interferes  with  the  mo- 
bility  of  the  membranous  portion  of  the  canal  and  prevents 
it  being  so  manipulated  as  to  make  its  axis  coincide  with 
that  ol  the  bony  meatus.  When  the  speculum  is  too  large 
the  solt  parts  arc  so  crowded  in  front  of  it  that  the  full  lumen 
of  the  speculum  is  not  available  and  the  field  is  narrowed  in 
consequence. 

The  speculum  having  been  properly  inserted,  the  observer 
should  first  bring  that  part  of  the  superior  wall  of  the  canal 
into  view  which  lies  just  beyond  the  inner  extremity  of  the 
speculum.  This  is  done  by  carrying  the  thumb  and  index 
finger  which  hold  the  instrument  downward,  thus  tilling  the 
inner  extremity  upward.  Having  recognized  the  superior 
wail  of  the  meatus,  the  anterior,  inierior,  and  posterior  walls 
arc  successively  brought  into  view  by  causing  the  outer  end 
of  the  speculum  to  describe  a  circle  in  the  direction  named, 
the  fixed  point  being  the  inner  extremity  of  the  instrument. 
This  manipulation  is  accomplished  by  a  slight  movement  of 
the  thumb  and  finger  which  grasp  the  outer  end  of  ihc  specu- 
lum, the  digits  being  alternately  Hexed  anil  then  gradually 
extended  until  the  extremity  of  the  instrument  has  described 
a  complete  circle.  In  conducting  this  manipulation  each 
wall  of  the  meatus  should  be  inspected  throughout  its  entire 
extent,  from  the  inner  end  of  the  speculum  to  where  it  joins 
the  tympanic  ring. 

Attention  should  be  paid  during  this  procedure  to  the  fol. 
lowing  points  regarding  the  canal :  Whether  it  is  free  through- 
out  its  entire  length,  or  partially  or  completely  obstructed. 
If  the  lumen  is  encroached  upon,  information  should  be  ob- 
tained as  to  the  nature  of  the  obstruction,  whether  it  be  a  for- 
eign body  accidentally  or  intentionally  introduced,  or  whether 
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It  is  made  up  of  a  mass  of  impacted  secretion,  whose  source 

lis  the  cenimtnous  glands  of  the  meatus,  or  of  epithelial  debris. 
the  result  of  an  inflammatory  process,  or  of  a  parasitic  growth 
vrhich  has  proliferated  in  this  locality.  On  the  other  hand. 
Ihe  (lee]>er  portion  of  the  canal  may  be  filled  with  fluid,  either 
pus,  senim,  mucus,  or  blood.  Again,  the  lumen  of  the  canal 
may  be  encroached  upon  only  over  a  certain  circumscribed 
area,  in  which  case  the  probe  determines  the  density  of  the 
obstruction— whether  it  is  hard  or  soft,  tender  or  anaesthetic, 
whether  invested  with  normal  t'])ilhelium  or  presenting  a  de- 
nuded surface,  lis  location  should  always  be  carefully  noted, 
whether  it  is  situated  in  the  deeper  portion  of  the  canal  or 
near  the  orifice.  In  other  cases  the  canal  may  be  narrowed 
uniformly  throughout  its  entire  extent.  Here  the  density  of 
the  walls  as  determined  by  the  probe  is  of  service,  as  well  as 
the  appearance  of  (he  outer  surface.  None  of  these  more  evi- 
dent abnormal  conditions  existing,  the  obscr\'cr  should  in  all 
cases  note  the  condition  of  the  integument  lining  the  canal, 
determining  whether  it  is  dry  and  desquamating  in  places,  or 
moist  and  reddened,  or  covered  here  and  there  with  masses  of 
dry  secretion  forming  mists  upon  the  walls.  Maving  critic- 
ally observed  these  different  physical  conditions,  the  superior 
wall  of  the  meatus  should  be  followed  inward,  the  angle  of 
the  speculum  being  gradually  changed  so  as  to  bring  the 
deeper  portions  into  view  until  this  aspect  of  the  canal  merges 
into  the  membrana  flaccida.  The  outer  end  of  the  speculum 
being  still  further  elevated,  the  eye  next  recognizes  the  epi- 
dermal covering  of  the  membrana  tympani  and  follows  this 
until  it  passes  quite  abniptly  into  the  inferior  wall  of  the 
meatus.  An  examination  in  this  manner — the  superior  wall 
being  followed  across  the  fundus  of  the  meatus  until  the  eye 
looks  upon  the  inferior  wall,  and  the  posterior  wall  traced 
until  it  merges  without  a  break  into  the  anterior — demonstrates 
with  certainty  that  the  membrana  tympani  is  present,  and,  if 
no  solution  in  continuity  has  been  observed,  intact.  This  is 
the  most  satisfactory  method  of  demonstrating  that  the  mem- 
brana  tympani  is  present  and  unbroken  throughout  its  entire 
extent.  Whenever  there  is  a  solution  of  continuity  this  regu- 
lar outline  must  be  broken.  In  some  cases,  where  the  mem- 
brane is  almost  cnmi>lelcly  destroyed  and  is  replaced  by  cica- 

Hricial  tissue  which  applies  itself  closely  to  the  intemnl  wall  of 
the  tympanum,  a  mistake  may  be  made ;  this  is  scarcely  pos* 
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sible,  hovrever,  if  an  exhaustive  examination  is  made,  each 
wall  being  followed  until  it  merges  into  the  one  directly  op- 
posite. When  the  merabrana  is  extensively  destroyed,  as 
mentioned  above,  we  find  usually  at  some  point  along  the 
posterior  wall  that  the  fundus  of  the  canal  is  not  continuous 
with  this  wall,  but  that  there  is  a  solution  of  continuity  at  ihe 
inner  extremity,  the  epidermis  not  passing  directly  from  the 
posterior  wall  of  the  canal  to  the  promontory,  but  that  a  cer- 
tain space  is  left  be'ween  these  two  regions,  the  width  of  the 
hiatus  being  easily  recognized  by  the  practiced  eye.  I  have 
given  this  as  one  of  the  early  steps  in  conducting  the  examina- 
tion, since  the  observer  more  rca<iily  analyzes  appearances 
met  with  if  the  question  of  presence  or  almost  complete  de- 
struction of  the  drum  membrane  has  been  settled  before  other 
points  are  considered. 

We  must  next  recognize  certain  landmarks  at  the  fundus 
of  the  canal,  which  under  normal  conditions  is  occupied  by 
the  membrana  tympani  (Fig.  39).  As  the  superior  wall  is  fol- 
lowed inward,  there  will  be  seen  just  below  the  centre  of  the 
line  marking  its  inner  termination,  a  prominent  projection, 
white  or  grayish  white  in  color,  having  the  appearance  as 
though  the  soft  parts  covering  it  were  pushed  outward  into 
the  lumen  of  the  canal  by  some  firm  body  beneath.  This  pro- 
jection is  the  short  process  of  the  malleus,  and  its  position 
changes  but  little,  no  matter  how  much  the  entire  ossicle  may 
be  displaced  by  rotation  about  the  axis  from  alterations  in 
tension  of  the  intratympanic  ligaments  and  muscles.  More- 
over, this  portion  of  the  ossicle  is  richly  supplied  with  nutrient 
vessels,  and  even  when  there  is  extensive  caries  of  the  tym- 
panic walls  and  of  the  ossicular  chain,  it  usually  escapes  dis- 
integration. Under  normal  conditions  the  short  process  of 
the  malleus  appears  as  a  prominent  point,  about  the  size  of  a 
pinhead,  varying  in  color  from  a  chalky  white  to  a  grayish 
white  or  even  pinkish  white.  Extending  downward  and  some- 
what backward  from  this  point,  through  the  middle  of  the 
membrane  as  far  as  its  centre,  the  handle  of  the  malleus  is 
recognized.  This  process  tapers  gradually  as  it  passes  down- 
ward. At  its  lower  extremity  it  is  Battened  slightly  from 
without  inward,  and  appears  a  little  broader  than  just  above 
its  termination.  The  shaft  of  the  malleus  is  slightly  curvi- 
linear in  outline,  the  convexity  being  toward  the  meatus  in 
the  upper  two  thirds,  while  at  the  lower  third  it  is  directed 
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inward  ami  somewhat  backward,  lying  more  nearly  in  the 
plane  of  the  membrane.  Theoutlirie  of  the  shaft,  under  normal 
conditions,  appears  somewhat  darker  thnn  the  surrounding 
membrane,  its  presence  offering  an  obstruction  to  the  rays  o( 
light  illuminaling  the  fundus  of  the  canal.  The  outline  of  the 
shaft  is  not  infrequently  sliglitly  pinkish  instead  of  white,  and 
occasionally  one  or  two  blood  vessels  may  be  recognized  trav- 
ersing the  membrane  close  to  the  manubrium  and  parallel  to 
it.  This  is  particularly  true  if  the  speculum  has  remained  in 
the  canal  lor  some  time,  and  depends  upon  the  venous  con- 
gesti<in  incident  to  the  presence  of  the  foreign  body.  The 
flattened  termination  of  the  manubrium  at  the  centre  of  the 
membrane  is  known  as  the  umbo.  Under  normal  conditions 
the  eye  perceives  a  bright  triangular  area  upon  the  surface  of 
the  membrane,  extending  from  the  umbo  downward  and  for- 
ward to  the  periphery,  the  apex  of  the  triangle  lying  at  the 
umbo,  while  the  base  o(  the  triangle  does  not  extend  to  the 
periphery,  but  lades  away  gradually  before  it  reaches  this 
line.  It  is  evident  that  if  we  imagine  the  malleus  handle  to 
be  prolonged  to  the  periphery  of  the  membrane,  this  struc- 
ture will  be  divided  into  two  portions — one  in  front  and 
the  other  behind  the  line,  the  posterior  portion  being  the 
larger.  11  a  horizontal  line  is  drawn  through  the  umbo  to  the 
anterior  and  posterior  walls  of  the  canal,  these  two  segments 
will  be  again  divided  into  two.     For  convenience  in  locating 

K pathological  appearances  wc  conceive  the  drum  membrane  to 
be  so  divided,  the  segments  being  named  the  superior  anterior, 
inferior  anterior,  inferior  posterior,  and  superior  posterior 
quadrants  according  to  their  situation.  From  the  short  pro- 
cess of  the  malleus  two  bands  are  observed, 
one  running  backward,  the  other  in  the  op- 
posite direction,  to  the  periphery  of  the 
membrane.  Of  these,  the  posterior  is  the 
longer,  the  anterior  being  just  barely  seen 
under  normal  conditions  owing  to  the  prox- 
imity of  the  short  process  of  the  malleus  to 
the  upper  anterior  extremity  of  the  tym- 
panic ring,  and  because  of  the  obliquity 
of  the, plane  in  which  the  membrane  lies. 
These  bands  are  called  the  anterior  and  posterior  folds  of  the 
membrane.  They  are  caused  by  the  cliftcrciicc  in  tension 
between  the  membrana  tensa  below  and  the  membrana  flac- 
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cida  above.  These  bands  are  sometimes  very  well  marked, 
xvhilc  in  other  instances  they  arc  not  distinct. 

Bctwa;n  the  short  process  of  the  malleus  and  the  superior 
wall  o(  the  meatus  the  mcmbraua  fympani  presents  a  distinctly 
triangular  form,  the  apex  of  the  triangle  lying  at  the  short 
process,  from  which  point  the  sides  ol  the  triangle  diverge 
until  they  arc  lost  in  the  superior  wall  of  the  canal,  into 
which  they  pass  without  any  distinct  line  of  demarcation.  The 
sides  of  the  triangle  are  clearly  marked  by  a  thickening  along 
the  lateral  boundaries  of  Ihis  triangular  area.  This  upper 
portion  of  the  drum  membrane  is  the  membrana  flaccida,  or 
Shrapnell's  membrane,  and  the  fibres  which  form  the  sides 
of  the  triangle  arc  known  as  Prussak's  fibres.  It  will  be  re- 
membered that  the  tympanic  ring  is  wanting  at  Shrapnell's 
membrane,  the  curvilinear  outline  being  completed  bv  the 
free  border  of  the  outer  lamella  of  the  squamous  plate  of  the 
temporal  bone,  which  fills  up  the  gap  between  the  anterior 
and  posterior  limbs  of  the  annuhis.  The  name  of  Rivinian 
fissure  or  segment  has  been  given  to  this  dehiscence  in  the 
annulus  tympanicus.  It  is  also  to  be  borne  in  mind  that  the 
lamina  propria  of  the  drum  membrane  is  wanting  over  this 
area,  the  septum  being  completed  by  the  tegumenlary  lining 
o(  the  canal  which  passes  downward  over  the  Rivinian  fis- 
sure, its  epithelial  layer  being  continued  over  the  surface  of 
the  membrana  tympani. 

Having  determined  that  the  membrana  tympani  is  intact, 
or,  if  any  solution  of  continuity  exists,  the  extent  and  location 
of  the  defect  having  been  made  out,  the  observer  should  next 
note  the  following  physical  properties  of  the  membrana  or  of 
its  remaining  portion:  i.  The  color.  2.  The  lustre.  3.  The 
structure.    4.  The  position. 

Thf  Color. — The  normal  membrane  is  of  a  pearly-white 
appearance,  with  a  slightly  bluish  tinge  over  the  entire  mem- 
brana tensa  ;  above  the  folds  the  parts  may  have  a  faint  pink- 
ish hue.  even  when  in  a  healthy  condition. 

The  t.vstrt. — The  recognition  of  variations  In  the  lustre  of 
the  drum  membrane  constitutes  one  of  the  most  valuable  aids 
in  the  diagnosis  of  aural  affections.  Normally  the  parts  pos- 
sess a  peculiar  sheen  which  can  not  be  described  in  words, 
but  is  easily  recognized  when  once  seen.  The  triangular  light 
spot  has  already  been  spoken  of,  and  its  persistence  or  al>- 
sence,  the  variations  in  shape,  position,  and  ertcnt.  and  the 
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presence  of  one  or  more  bright  paints  or  light  reflexes  in  other 
parts  of  the  membrane,  all  furnish  valuable  information.  The 
lustre  may  be  diminished  or  may  be  entirely  wanting,  this 
latter  condition  always  indicating  a  necrosis  of  the  superficial 
epithelium. 

The  Structure. — Under  this  term  we  consider  the  devia- 
tions from  the  normal  appearance  resulting  from  changes  in 
the  various  layers  of  the  part  under  examination.  In  health 
the  mcmbrana  vibrans  is  of  uniform  texture  throughout,  ex- 
cept at  the  periphery  and  at  the  umbo,  in  which  localities  it 
is  somewhat  thickened  and  consequently  less  translucent  than 
elsewhere.  The  eye  is  also  able  to  make  out  indistinctly  the 
circular  and  radiating  fibres  as  they  cross  one  another,  giving 
an  appearance  suggestive  of  a  finely  wrovcn  fabric.  Under 
pathological  conditions  the  menibrana  propria  may  undergo 
hypertrophy  in  places,  in  which  case  the  uniformity  of  tcx- 
tural  appearance  will  be  lost  and  the  affected  areas  will  appear 
less  translucent  than  the  surrounding  portion.  The  same  ef- 
fect is  produced,  but  in  a  more  marked  degree,  by  calcareous 
deposits  in  the  fibrous  layer.  These  appear  as  opaque,  lustre- 
less  whiicareas.with  well-de6ned  outlines.  On  the  other  hand, 
as  the  result  of  pressure,  cicatrization  after  loss  of  substance, 
etc.,  the  Bbrous  layer  may  be  very  thin  or  even  wanting  in 
certain  localities.  I  (ere  the  membrane  will  be  transparent, and 
through  the  thin  septum  the  underlying  structures  within  the 
tympanum  may  be  easily  recognized.  The  mcmbrana  flaccida, 
containing  no  lamina  propria,  dues  not  exhibit  the  peculiar 
woven  appearance  characteristic  ol  the  larger  segment  of  the 
drum  membrane;  its  appearance  is  similar  to  that  of  the  skin 
lining  the  adjacent  part  of  the  bony  meatus,  except  that  it  is 
more  delicate  in  structure.  Owing  to  pathological  changes 
it  may  Iwcome  transparent  and  parchmcntiike,  or  its  thick- 
ness  may  be  greatly  increased. 

Tke  Position. — Normally,  the  drum  membrane  is  inclined 
both  in  the  horizontal  and  vertical  planes.  In  addition  to  Ibis 
it  is  drawn  inward  at  the  umbo  on  account  of  its  intimate  con- 
nection with  the  manubrium  mallei.  The  inclination  in  two 
planes,  together  with  the  umbilication  at  the  crntrc,  gives  n.sc 
to  the  light  reflex,  the  rays  illuminating  this  area  alone  be- 
ing reflected  directly  back  to  the  eye  of  the  observer,  without 
previously  impinging  upon  the  walls  of  the  canal.  Another 
result  of  the  umbilication  is  to  give  to  each  segment  of  the 
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mcmbrana  a  slightly  convex  appearance  when  viewed  from 
Ihc  canal,  which  is  most  marked  in  the  upper  and  posterior 
quadrants.  In  the  young  child  the  inclination  of  the  mem- 
brane in  the  horizontal  plane,  as  viewed  through  the  meatus, 
appears  more  pronounced  than  in  adult  life. '  This  greater  in- 
clination is  more  apparent  tlian  real,  depending  upon  the  spe- 
clal  conformation  of  ihe  parts  at  birth.  At  this  period,  it  will 
be  remembered,  the  superior  and  inferior  walls  of  the  meatus 
are  in  contact,  the  superior  wall  lying  upon  the  external  sur- 
face of  the  squama  while  the  bony  meatus  does  not  exist,  be- 
ing represented  by  a  canal  of  fibrous  tissue,  especially  well 
developed  along  the  inferior  wall. 

Having  reviewed  the  appearance  of  the  membrane  under 
normal  conditions,  we  are  now  prepared  to  recognize  %'aria- 
tions  caused  by  morbid  processes.  As  the  upper  and  posterior 
part  is  nearest  the  eye  of  the  observer,  and  as  this  is  the  most 
extensive  segment  of  the  membrane,  displacement  of  the  entire 
membrane  outw-ird  in  this  region  is  more  .-ipparent  than  else- 
where. If  displacement  be  excessive  the  bulged  posterior  por- 
tioQ  may  overhang  the  anterior  segment  and  partially  or  com- 
pletely obscure  it.  Sometimestheeflcct  is  to  obliterate  in  this 
region  the  line  of  demarcation  between  the  canal  wall  and  the 
drum  membrane,  giving  to  the  fundus  a  narrow  appeanincc. 
On  the  cither  hand,  marked  retraction  obliterates  the  normal 
prominence  ol  thi-  upper  and  posterior  segment  and  cxagger. 
atcs  the  inclination  of  the  upper  part  of  the  membrane  in  the 
horizontal  plane,  at  the  same  time  causing  the  inferior  segment 
to  appear  more  nearly  perpendicular  to  the  inferior  wall  of  the 
canal.  It  also  tends  to  exaggerate  the  apparent  width  of  the 
drum  membrane  on  account  of  the  greater  depth  of  the  tym- 
panum  above  and  behind,  which  allows  the  membrana  to  move 
inward  for  a  considerable  distance,  thus  bringing  the  anterior 
segment  into  view.  As  seen  through  the  speculum,  this  in- 
crease in  the  transverse  diameter,  especially  of  the  inferior 
segment,  is  exceedingly  well  marked.  The  most  valuable  in- 
clicaiion  of  retraction,  however,  is  afforded  by  a  careful  inspcc* 
tion  of  the  malleus  handle.  This  prominent  and  easily  recog- 
nizable landmark  appears  foreshortened  in  direct  proportion 
tothe degree  of  retraction,  provided  adhesions  between  it  and 
the  inner  tvmpanic  wall  do  not  exist,  and  prevent  it  from  as- 
suming the  usual  position  whichit  occupies  when  the  pressure 
within  the  tympanic  cavity  is  lowered.    Another  evidence  of 


I 


I 


OBSTACLES  TO  EXAMINATION. 


95 


extreme  retraction  ts  the  prominence  of  the  curved  margin  of 
the  tympanic  ring,  which  can  frequently  he  traced  throughout 
its  entire  circumference  when  the  membrane  is  displaced  in- 
ward to  a  marked  degree.  It  sometimes  happens,  owing 
to  the  presence  of  adhesions,  that  the  handle  of  the  malleus  is 
not  torcshortened :  then  the  displacement  oi  the  segments  of 
the  drum  membrane  in  front  and  behind  the  manubrium,  to- 
gether with  the  marked  prominence  of  the  annulus  and  the 
ease  with  which  the  intratympanic  structures  are  seen,  enable 
the  observer  to  interpret  the  condition  correctly.  When  the 
malleus  handle  is  firmly  bound  down  and  the  air  within  the 
tympanic  cavity  is  rarefied,  the  anterior  and  posterior  seg- 
ments oi  the  drum  membrane  collapse,  and  the  manubrium 
appears  as  a  prominent  ridge  between  the  sunken  areas.  In 
front,  behind,  and  below  this  ridge  there  arc  deep  pits  or  fosste. 
where  the  more  elastic  membrane  has  been  forced  inward  l>y 
the  pressure  of  the  air  until  it  has  impinged  upon  the  inner 
tympanic  wall.  In  children  this  condition  is  very  prone  to 
exist  where  adenoid  vegetations  are  present.  The  appearance 
is  not  infrequently  a  source  of  error  in  diagnosis,  being  mis- 
taken for  a  total  destruction  of  the  inembrana.  vibrans  and 
a  subsequent  dermoid  transformation  of  the  inner  tympanic 
wall 

Obstacles  to  the  Examination. — The  description  given  of 
the  technique  of  the  inspection  of  the  car  by  means  of  re- 
flected light,  presupposes  that  an  unimpeded  view  has  been 
^possible;  occasionally,  however,  obstacles  are  encountered 
which  render  the  inspection  of  the  deeper  parts  difficult 
Here  we  may  mention  the  presence  of  fine  hairs  in  the  meatus 
preventing  a  perfect  illumination  of  the  membrana  tympani. 
In  such  an  event  the  examiner,  after  the  insertion  of  the 
I  speculum,  will  find  il  advisable  to  apply  a  little  vaseline  or 
wax  to  the  hairy  area  by  means  of  a  cotton-tipped  probe ;  by 
this  procedure  the  hairs  are  made  to  adhere  closely  to  the 
wall  of  the  canal,  and  are  prevented  from  interfering  with 
the  examination.  If  the  orifice  of  the  meatus  is  exceedingly 
narrow,  cither  as  the  result  of  congenital  malformation,  cica- 
tricial contraction,  or  an  acute  circumscribed  tnflanmiatrjry 
process,  the  examiner  will  do  well  to  use  an  exceedingly- 
small  speculum.  Uy  tilting  the  instrument  at  various  angles 
it  will  be  possible  to  inspect  the  deeper  parts  over  successive 
small  areas  until  the  necessary  information  has  been  obtained. 


This  is  wiser  than  to  attempt  to  use  a  large  instrument  which 
fits  the  canal  ctosety,  in  the  hope  of  obtaining  a  more  ex- 
tended field  of  view. 

The  prominence  of  the  antcro-inferior  wall  occasionally 
offers  an  obstacle  To  perfect  inspection  of  the  deeper  parts; 
but  here  again  the  small  speculum  will  enable  the  observer 
to  see  a  more  extended  surface  than  a  larger  instrument, 
provided  the  auricle  is  drawn  upward  and  backward  suffi. 
cicntly  to  permit  the  illumination  of  the  parts  beyond  the 
obstructing  canal  wall.  In  the  same  manner,  if  the  orifice  of 
the  meatus  is  almost  closed,  as  the  result  of  an  acute  inflam- 
matory  process,  and  the  parts  are  excessively  tender,  it  is  pos- 
sible, by  exercising  a  little  care,  to  introduce  a  small  specu> 
lum  beyond  the  inflamed  area,  and  to  obtain  a  view  of  tlie 
deep  parts.  It  is  to  be  remembered  that  no  bony  meatus 
exists  at  birth,  and  the  tnembrana  tympani  lies  superficially 
and  in  nearly  tlie  same  plane  as  the  superior  wall  of  the  canal, 
which  is  cluscly  attached  to  the  outer  surface  of  the  squama; 
hence,  to  obtain  a  clear  view  of  the  membrane,  the  auricle 
must  be  drawn  downward  and  backward  instead  of  upward 
and  backward,  as  in  the  examination  in  an  adult  (Fig.  26). 

In  addition  to  what  has  already  been  said  concerning  the 
recognition  of  the  various  normal  and  pathological  condi- 
tions, it  is  necessary  to  call  attention  to  special  portions  de- 
manding particular  investigation;  these  are  the  periphery 
of  the  membrane,  and  that  area  lying  above  the  level  of 
the  short  process,  the  membrana  flaccida.  It  is  quite  pos- 
sible to  recognize  all  the  conditions  enumerated  in  the  pre- 
ceding pages  and  yet  to  overlook  a  small  |>er(oralion,  unless 
the  examiner,  as  a  final  step,  inspects  the  entire  outline  of 
the  annulus,  following  with  the  speculum  the  line  of  attach. 
mcnt  of  the  membrane  throughout  its  entire  circumference. 
Again,  that  region  situated  above  the  short  process  of  the 
malleus  and  the  folds  of  the  membrane  demands  careful  at- 
tention,  since  it  covers  the  articulation  between  the  malleus 
and  the  incus,  and  that  portion  of  the  tympanum  where  the 
mucous  lining  is  thrown  into  numerous  folds  as  it  passes 
from  the  bony  walls  of  the  cavity  over  the  intratympanic 
ossicles  and  ligaments.  It  is  not  uncommon  to  find  a  minute 
perforation  through  the  membrana  flaccida,  which  might  pass 
unrecognized  unless  special  .ittcntion  had  been  directed  10 
the  inspection  of  tliis  locality.     It  should  be  borne  in  mind  in 
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this  connection  that  wc  occasionally  meet  with  a  minute  open- 
ing, just  above  the  short  process  of  the  malleus.  This  was 
formiTly  supposed  to  be  occasioned  by  the  incomplete  closure 
uf  the  Rivtnian  segment.  A  small  opening  at  this  point  is, 
according  to  Randall,*  due  to  a  pathological  process,  and 
there  is  no  /oundation  for  considering*  it  a  result  of  imperfect 
development.  Under  all  circumstances  both  ears  should  be 
examined,  although  the  patient  may  complain  o/  but  ime. 
The  importance  of  this  is  evident  if  the  reader  will  recall 
the  remarks  already  made  in  the  chapter  on  physiology,  con- 
cerning the  interdependence  of  one  organ  upon  that  of  the 
opposite  side.  It  is  also  important,  since  any  slight  anomaly 
in  the  direction  of  the  canal  or  in  the  position  of  the  mem- 
brana  tympani  will  probably  exist  on  both  sides,  and  a  source 
of  errt)r  in  the  inlerpretation  of  appearances  found  in  the 
affected  organ  will  thus  be  removed. 

At  this  point  we  should  consider  the  relation  between  the 
contents  of  the  tympanum  and  the  various  quadrants  of  the 
tympanic  membrane. 

Fig.  12  represents  the  intratympanic  structures  and  the 
inner  wall  o(  the  middle  ear,  the  ossicles  lying  in  their  nor- 
mal position.  A  portion  of  the  inferior  and  pcstcriar  wall  of 
the  canal  is  shown.  The  mcmbrana  tympani,  with  the  excc[j. 
tion  of  a  small  crescenlic  portion  jiosleriorly,  has  been  re- 
moved and  the  contents  of  each  quadrant  can  be  easily  made 
out. 

In  the  sup«ro-pos tenor  quadrant  the  long  process  of  the 
incus  is  seen  descending  in  a  direction  parallel  to  the  manu- 
brium mallei,  lying  behind  it  and  at  a  deeper  level  in  the 
tympanic  cavity.  The  articulation  of  this  process  with  the 
head  of  the  stapes  Is  also  seen,  together  with  the  posterior 
CTUS  of  thi.*i  latter  ossicle,  which  passes  upward  and  inward 
until  it  is  lost  in  the  oval  niche.  From  the  head  of  the  stapes 
a  delicate  fibrous  band  is  observed,  which  extends  directly 
backward  until  it  is  lost  from  view  behind  the  margin  of  the 
tympanic  ring.  This  is  the  tendon  of  Ihe  stapedius  muscle. 
The  tip  of  the  descending  crus  of  the  incus  (and  hence  the 
incudastapediat  arliculation)  may  frequently  lie  at  a  consid- 
erable  distance  below  the  level  of  the  short  process  of  the 
malleus.     On  the  other  hand,  and  especially  as  the  result  of 
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a  pathological  condition,  this  process  of  the  incus  may  run 
almost  horizontally  inward,  the  processus  lenticularis  being 
hidden  behind  the  supern-posterior  margin  of  the  bony  ring. 
In  such  an  event  ihc  stapes  itself  and  ihc  stapedius  tendon  arc 
out  of  the  range  of  vision.  Another  situation  frequently  (k> 
cupicd  by  this  process  of  the  incus  is  close  to  and  just  behind 
the  posterior  margin  of  the  bony  ring.  It  p;is.->cs  downward 
in  a  direction  parallel  to  the  posterior  limb  of  the  annulus.and 
is  brought  into  view  if  the  patient's  head  is  turned  away  from 
thc'cxanjiner,  permitting  the  illuminating  rays  to  pass  behind 
the  projecting  margin  of  the  ring.  This  position  of  the  incus 
is  usually  the  result  of  contraction  of  the  stapedius  muscle 
or  of  shortening  of  its  tendon.  Search  with  a  delicate  probe 
reveals  the  location  of  the  cms  of  the  incus,  the  instrument 
being  easily  hooked  about  it  and  drawing  it  into  view.  If 
firmly  iixcd,  the  division  of  the  stapedius  tendon  or  of  dense 
adhesions  passing  backward  from  the  posterior  crus  of  tlie 
stapes  releases  it  anri  brings  it  into  the  field  of  vision.  The 
upper  and  posterior  quadrant,  since  it  contains  structures  so 
important  to  the  function  of  audition,  should  always  be  closely 
examined,  whether  the  mcmbrana  tynipani  is  intact  or  par- 
tially destroyed.  Frequently  the  attenuation  of  Ihc  mcrn- 
bnina  in  this  locality,  either  from  cicatrization  or  atrophy, 
enables  the  observer  to  recognize  the  above-mentioned  parts 
through  it.  This  is  particularly  so  when  there  is  consider, 
able  retraction  of  the  drum  membrane,  which  then  applies 
itself  closely  to  the  structures  beneath. 

Below  the  incudo-stapedial  articulation  in  the  lower  part 
of  the  supero-posterior  quadrant,  and  encroaching  to  a  greater 
or  less  extent  upon  the  postero-infcrior  quadrant,  is  seen  a 
deep  niche  the  posterior  boundary  of  which  is  hidden  by  the 
margin  of  the  annulus  tyinpanicus,  while  the  anterior  mar- 
gin forms  the  postero-infcrior  boundary  o(  the  promontory. 
At  this  line  the  inner  tympanic  wall  bends  at  almost  a  right 
angle,  and  the  plane  of  the  niche  is  directed  backward  and 
downward.  The  depression  (ormed  by  this  sudden  bend  is 
the  niche  of  the  round  window.  Sometimes  it  lies  entirely 
behind  the  margin  of  the  ring  and  out  of  the  field  of  vision. 
The  portion  of  the  tympanic  wall  occupying  the  middle  of 
the  field  of  inspection  is  the  promontory.  It  covers  the  first 
turn  of  the  cochlea,  and  exhibits  a  convex  surface  which  en. 
croachcs  to  a  varying  extent  upon  the  the  cavity  of  the  tym- 
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Via.  40.— Middle  cu  probe 


^^iWtim.  When  this  portion  of  the  wall  is  unusually  convex, 
and  the  niche  of  the  round  window  can  be  seen,  the  pro* 
jcciing  mass  will  occasionally  be  mistaken  for  an  exostosis 
unless  the  possibility  of  its  anomalous  prominence  is  burne 
in  mind.  The  region  corresponding  to  the  antero-inferior 
quadrant  presents  nothing  demanding  special  notice,  except 
that  the  tympanic  opening  of  the  Eustachian  tube  may  en- 
croach -upon  its  upper  part.  In  the  majority  of  cases  the 
tympanic  orifice  of  the  tube  lies  hi  the  upper  anterior  quad- 
rant and  may  be  entirely  concealed  by  the  anterior  border  of 
the  tympanic  ring. 

When  the  mcmbrana  vibrans  is  absent  it  is  possible  to 
pass  a  delicate  prube,  bent  at  a  right  an^Ie  at  the  tip,  upward 
into  the  vault  of  the  tympanum,  both  in  front  and  behind  the 
5h(}rt  process  ol  the  malleus,  the  angular  portion  disappear- 
ing completely  in  the  upper 
tympanic  space.  Traction 
outward  causes  the  bent  pan 
of  the  probe  to  press  upon 
the  inner  extremity  of  the  su- 
perior wall  of  the  canal,  and  the  instrument  can  not  be  re. 
moved  by  traction  directly  outward,  it  being  necessary  first 
to  disengage  its  tympanic  extremity  from  the  inner  margin 
of  (he  superior  wall  of  the  meatus. 

As  the  result  of  caries,  the  superior  wall  of  the  meatus 
close  to  the  tympanum  may  be  destroyed,  bringing  into  view 
a  portion  of  the  head  uE  the  malleus  and  the  adjacent  part  ol 
the  incus,  or,  where  the  ossicles  have  been  destroyed  or 
displaced,  the  upper  part  of  the  inner  tympanic  wall  lies  ex. 
posed.  We  then  see  distinctly  the  pelvis  ovalis,  and  just 
above  this  the  wall  of  the  aquieductus  Fallopii  arching  over 
it.  If  this  last  structure  has  been  involved  in  the  carious 
process,  impact  of  the  probe  may  cause  twitching  of  the 
facial  muscles,  owing  to  mechanical  irritation  of  the  seventh 
ncrrc- 

Naturally,  in  inspecting  the  tympanic  cavity  where  the 
mcmbrana  tympani  has  been  destroyed  as  the  result  of  dis. 
case,  or  where  a  flap  has  been  reflected  for  the  purpose  of 
exploration,  the  parts  which  can  be  brought  into  view  will 
largely  depend  both  upon  the  position  in  which  the  head  of 
the  patient  is  placed  and  upon  the  c(trrcct  manipulation  of  the 
speculum,  so  that  areas  hidden  from  the  direct  line  of  vision 
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by  the  overhanging  margins  ol  the  inner  extremity  of  the 
canal  may  be  illuiiiinatcd  by  rays  from  the  head  mirror. 

Botcy  *  has  advised  tlie  use  of  siiiati  mirrors,  which  arc  to 
be  introduced  into  the  tympanic  cavity  for  the  purpose  of  in- 
specting the  parts  lying  bcyund  the  direct  line  <i[  vision;  but 
the  procedure  has  met  with  little  success.  Blake  f  suggested 
the  same  method  lung  ago,  and  made  a  practical  application 
of  it  to  determine  the  attachment  of  a  growth  springing  from 
the  inner  extremity  of  the  superior  wall  of  the  canal. 

In  the  [)receding  pages  we  have  spoken  of  the  physical 
characteristics  revealed  by  ocular  inspection.  The  reader  is 
not  to  understand,  however,  that  the  eye  alone  is  to  be  used  ; 
a  delicate  probe  is  of  great  service  in  settling  a  doubtful 
appearance,  and  the  value  of  its  use  can  not  be  too  strongly 
advocated.  Where  it  seems  unadvisablc  to  use  a  metal  in- 
strument lor  fear  o(  injuring  the  delicate  structures,  a  very 
satisfactory  substitute  is  found  in  the  use  of  what  may  be 
termed  a  cotton  probe,  constructed  as  follows:  A  small  bit  of 
ci>tton  is  wound  lightly  about  the  extremity  of  a  delicate  cot- 
ton holder  (Fig.  41)  in  sucli  a  manner  that  the  cotton  shall 
project  (or  about  a  quarter  of  an  inch  beyond  the  end  of  the 
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Fig.  41.— Cotlon  holder. 


shaft,  it  being  wound  so  tightly  as  to  offer  considerable  resist- 
ance upon  pressure,  .nnd  constituting  really  a  prolongation  of 
the  probe.  Tliis  cotton  tip  can  be  bent  at  any  desired  angle, 
and  is  firm  ennugli  to  retain  its  shape,  and  yet  not  so  firm  as  to 
injure  the  delicate  structures  encountered.  It  is  less  disagree- 
able to  the  patient  than  a  metallic  instrument,  while  it  is  of 
equal  service  to  the  examiner.  An  instrument  constructed  in 
this  manner  can  be  introduced  through  a  small  perforation  in 
the  mcmbrana  tympani,  or  into  a  sinus  in  front  of  or  behind  ihc 
.short  process,  and  be  carried  into  the  upper  part  of  the  cavity- 
Tactile  impressions  resulting  from  the  proper  manipulation  of 
the  instrument  afiord  valuable  information. 

The  jnobility  of  the  mcmbrana  and  ossicles  should  be  de- 
termined as  the  next  step  of  the  examiiiation.     This  may  be 
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done  by  making  use  of  Sicgle's  speculum  (Fig.  42).  It  con- 
sists 0/  a  hartl  -  rubber  speculum,  the  wider  extremity  of 
which  is  screwed  tightly  into  one  end  of  a  short  cylinder  of 
the  same  material  as  the  speculum,  white  ihc  extremity  in- 
troduced into  the  canal  is  covered  with  a  small  bit  of  rubber 
tubing  to  effect  an  air-light  closure  of  the  meatus.    The  op- 


FlC.  49. — Sickle's  pneutnalic  epeculiiin. 

posite  end  of  the  cylinder  is  closed  by  a  cap  which  makes  an 
angle  of  forty-five  degrees  with  the  axis  of  the  instrument. 
In  the  centre  of  this  cap  is  an  opening  covered  with  glass. 
Upon  one  side  of  this  cylindrical  chamber  is  an  opening  into 
which  a  short  lube  is  screwed.  The  free  extremity  of  llie  lube 
is  connected  with  a  small  air  pump,  bellows,  or  atomizer  bulb 
by  a  short  piece  of  flexible-rubber  tubing. 

After  the  speculum  has  been  carefully  inserted  into  the 
external  auditory  meatus,  the  air  in  the  canal  can  be  exhausted 
by  means  of  the  small  air  pump  or  rubber  bulb  with  which 
the  instrument  is  provided,  or  the  flexible  tube  maybe  held 
between  the  lips  and  the  air  withdrawn  in  this  manner.  The 
density  of  the  air  in  the  meatus  can  be  increased  if  desired  by 
reversing  the  direction  of  the  current.  The  glass  in  the  outer 
extremity  of  the  instrument  permits  Ihc  examiner  to  watch  the 
^Ittli-rent  motions  of  the  mem  brana  tympani  and  ossicles,  caused 
by  the  alternate  con^lcnsation  and  rarefaction  of  the  air  in  the 
jcanal.  Were  the  glass  at  right  angles  to  the  axis  of  the 
speculum,  the  reflection  of  the  illuminating  rays  would  inlcr- 
fere  with  the  view  of  the  deeper  parts,  but  this  is  avoided  if  it 
is  placed  at  an  acute  angle.  Under  normal  conditions  the  drum 
membrane  moves  outward  each  rime  the  air  in  the  canal  is 
rarefied,  and  passes  in  the  opposite  direction  when  condensa- 
tion is  effected,  Ihc  motion  being  most  evident  in  the  postero- 
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superior  quadrant.  The  malleus  at  the  same  time  rotates 
about  Ilie  axis  band,  the  short  process  remaining  almost  im- 
movable,  while  the  long  process  participates  in  the  outward 
excursion  of  the  membrane.  Areas  over  which  the  membrane 
is  adherent  to  ttic  inner  tympanic  wall  are  easily  recognized, 
since  they  are  nt>t  affected  by  changes  in  the  air  pressure.  It 
is  also  important  to  note  closely  the  motion  of  the  malleus,  for 
if  bound  down  at  its  Up  any  outward  excursion  Is  impossible. 
Under  these  circumstances  it  either  remains  fixed,  the  mem> 
brane  bulging  beyond  it  in  front  and  behind,  when  the  air  is 
exhausted,  or  it  may  move  slightly  outward  at  its  upper  part 
when  there  is  relaxation  of  the  structures  in  this  locality. 
Sometimes  intratympanic  .idhcsions  fix  the  malleus  in  such  a 
manner  that,  instead  of  rotating  about  the  axis  band,  it  rotates 
upon  its  long  axis.  This  is  frequently  observed  in  cases  where 
.(he  entire  of.sicular  chain  and  the  raembrana  are  drawn  inward 
as  a  whole  by  adhesions,  the  membrane,  therefore,  giving  no 
marked  evidence  of  malposition  except  that  it  appears  farther 
from  the  entrance  of  the  meatus  than  usual.  When  the  ex- 
cursions of  the  malleus  arc  changed  in  character,  so  that  rota- 
tion takes  place  about  the  long  axis  of  the  ossicle,  we  are 
warranted  in  assuming  the  presence  of  extensive  intratym- 
panic  adhesions,  together  with  some  relaxation  at  the  mallco- 
incudal  articulation. 

The  use  of  a  magnifying  lens  in  connection  with  the  pneu- 
matic speculum  is  seldom  of  advantage,  the  unaided  eye  dis- 
tinguishing variations  from  the'  normal  quite  ns  readily  as 
when  a  lens  is  used. 

Our  physical  examination  has  thus  far  been  confined  to 
those  parts  of  the  conducting  mechanism  which  can  he  inves- 
tigated by  sight  and  by  touch.  VVc  now  have  to  call  to  our 
aid  the  sense  of  hearing  for  the  examination  of  parts  not  ac- 
cessible to  ocular  inspection.  These  parts  arc  the  Eustachian 
tube  and  the  tympanic  cavity. 

Inflation  of  the  Tjrmpanum. — Since  the  tympanum  conv 
municates  with  the  pharyngeal  vault  through  Ihc  Eustachian 
tube,  a  sudden  condensation  of  air  in  the  vault  of  the  pharynx 
will  cause  a  corresponding  increase  in  air  pressure  in  the  mid- 
dle ear,  provided  the  Eustachian  tube  is  open.  The  tym- 
panum is  separated  from  the  external  meatus  only  by  the  thiti 
membrana  tympani,  and  the  exainincr,  by  inserting  a  flexible 
tube  into  the  meatus  of  the  patient  while  the  other  extremity 
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is  inserted  into  his  own  auditory  cana!,  is  able  to  recognize 
the  moment  when  the  air  enters  the  lympanum,  by  its  impact 
upon  this  delicate  partition.  The  sound  produced  under  nor- 
mal conditions  when  the  tympanum  is  suddenly  inflated  wc 
may  denominate,  lor  convenience,  the  sound  of  impact.  It 
is  o(  sharp,  metallic  character,  and  is  due  to  the  stretching 
of  the  membrana  lympani  by  the  sudden  condensaiion  of 
ihc  air  within  the  middle  ear.  This  sound  seems  to  originate 
in  the  ear  of  the  observer  on  account  of  rhe  extreme  thinness 
ol  the  interposed  partition,  and  the  direct  conveyance  of  the 
sound  waves  to  his  ear.  Under  normal  conditions  but  a 
single  sharp  metallic  click  or  snap  is  heard.  This  may  be 
followed  later  by  a  similar  soun<l  of  lower  pitch  and  of  less 
intensity,  due  to  the  return  of  the  membrana  to  a  condition 
of  equilibrium  in  virtue  of  its  elasticity.  A  familiarity  with 
these  signs  in  health  enables  the  observer  to  interpret  cor- 
rectly the  significance  of  any  modification  in  (heir  character 
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due  to  pathological  conditions.  It  is  sometimes  slated  that 
auscultation  is  a  procedure  of  little  diagnostic  value,  but  I  can 
only  say  that  the  otologist  who  would  take  this  ground,  might 
be  compared  with  a  phvsiciau  who  would  consider  himself 
able  to  judge  of  intrathoracic  conditions  without  availing 
himself  of  auscultation  of  the  chest.  Auscultation  certainly 
aflords  us  a  valuable  means  of  recognizing  certain  conditions 
wiihtn  the  lympanum  and  Eustachian  lube,  if  practiced  suffi- 
ciently long  to  enable  one  to  interpret  the  signihcancc  of  the 
varidus  sounds  heard. 

Methods  of  Inflation. — The  earliest  method  of  inflation  of 
the  middle  car  is  thai  which  bears  the  name  of  its  discoverer, 
Valsalva.  It  is  executed  by  the  patient  compressing  the  alae 
nui  between  the  thumb  and  finger  of  one  hand,  thus  closing 
Ihc  nostrils;  at  the  same  time  the  mouth  is  closed  and  the  at- 
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tempt  is  made  to  force  air  through  the  nostrils — in  other  words, 
to  blow  the  nnse.  The  result  is  that  the  air  is  inrced  into  the 
tympanum,  since  all  other  avenues  of  exit  are  closciJ.  The 
procedure  is  frequently  valuable  as  a  diagnostic  measure,  as 
the  surgeon  can  cibscrvc  tlir  effect  of  the  increased  intratym- 
panic  pressure  upon  the  drum  mcuibranc.  hy  an  inspection  ol 
the  part  n-hile  the  patient  performs  the  infiatinn.  [Je[iending 
as  it  docs  upon  the  patient  himself  for  its  cHiciency,  this  pro- 
cess possesses  but  little  therapeutic  value. 

The  most  universally  employed  method  of  inflating   the 
middle  ear  is  that  lirst  brought  into  prominence  by  i*olit2er.* 

and  bearing  his  name.  To 
force  air  through  the  Eusta. 
cliian  tulie  by  this  procedure, 
the  Mirgeon  makes  use  of  a 
balloon-shaped  rubber  bulb,  to 
which  a  tube  of  the  same  ma- 
tcrial  is  attached  ;  the  sudden 
compression  of  the  bulb  by  the 
hand,  expels  the  air  through 
the  free  end  of  the  lube  with 
considerable  force.  This  ex- 
tremity of  the  tube  is  provid- 
ed with  a  hard-rubber  lip,  so 
shaped  that  it  may  be  inserted 
into  the  nostril  at  the  patient, 
or  in  some  instances  it  is  coni 
cal  in  form  so  ;is  to  occlude 
the  nostril.  In  inflating  with 
this  instrument,  the  nose  piece  is  held  in  position  by  the  fin- 
gers of  the  surgeon's  left  hand,  the  other  nostril  being  oc- 
cluded at  the  same  time  by  compressing  the  aire  of  both  sides; 
the  patient  is  then  directed  to  take  a  small  quantity  of  water 
into  the  mouth,  and  to  swallow  it  at  a  given  signal.  Coinci- 
dent with  the  act  of  deglutition  the  physician  compresses  the 
bulb,  which  he  holds  in  the  right  hand,  by  quickly  and  firmly 
closing  the  fingers  upon  it,  thus  driving  the  air  within  it  into 
the  pharyngeal  vault,  and  from  thence  into  the  tympanic  cavi- 
ties through  the  Eustachian  tiil>es.  The  action  of  swallowing 
siiuts  off  the  pharyngeal  vault  completely  from  the  uro-jshar- 
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ynx,  by  the  elevation  of  the  soft  palate,  the  muscular  action 
effecting  ihis,  at  ihe  same  time  serving  to  render  the  tube 
more  permeable,  in  ihc  manner  itirt-acly  desciibed  in  coiisicier- 
ing  the  function  of  the  tubal  muscles,  Various  motiificattons 
of  this  procedure  have  been  devised,  the  success  depending 
largely  upon  tlie  intelligent  co-operation  of  tlic  patient.  The 
act  of  swalluwinir  must  be  coincident  with  the  compres- 
sion of  the  inflating  bulb:  otherwise,  the  naso-pharyngeal 
space  will  not  be  shut  off.  and  an  imperfect  operation  will  be 
the  result.  When  this  occurs,  the  operator  not  only  fails  to 
carry  out  the  measure  intended,  but  occasions  great  discom- 
fort to  the  patient,  and  occasionally  lo  himself,  for  the  sud- 
den  entrance  of  the  air  into  the  oru-pharynx  forces  the  water 
which  the  patient  is  attempting  to  swallow,  either  inio  the 
larynx,  bringing  on  a  severe  seizure  of  coughing,  or  out  of  his 
mouth,  deluging  himself  and  operator  as  well. 

The  modifications  of  the  I'olitzcr  method  have  been  de- 
signed to  obviate  such  accidents.  One  of  the  best  is  to  direct 
the  patient  to  close  his  lips  and  then  puff  out  the  cheeks,  as 
though  trying  to  whistle  with  the  mouth  closed.  Another 
fairly  successful  method  is  to  repeat  rapidly  the  letter  K.  or 
any  syllabic  containing  the  K  sound.  Either  of  these  proced- 
ures, causing  an  elevation  of  the  soft  palate,  effects  a  fairly 
perfect  closure  of  the  pharyngeal  vault.  These  modifications 
are  of  particular  convenience  in  children,  and  render  the  oper- 
ation much  less  uncomfortable.  In  infants  the  act  of  crying 
produces  sufficient  closure  of  the  naso-pharygncal  space  to 
allow  of  a  successful  inflation  of  the  middle  car,  if  the  air  bag 
is  forcibly  compressed  while  the  child  is  crying. 

There  can  be  no  question  of  the  value  of  Politzcr's  method 
both  as  a  diagnostic  and  therapeutic  procedure,  but  its  use 
should,  I  think,  be  restricted  to  certain  cases,  and  it  should 
not  be  adopted  lo  the  cvclusion  of  catheterization  of  the  tube. 

A  few*  words  will  not  be  out  of  place  here  regarding  the 
selection  of  a  proper  inflating  bulb,  or  Politzer  bag,  and  of  a 
projtcr  tip  (or  the  instrument.  The  error  usually  made  is  lo 
choose  an  unnecessarily  large  bag.  A  large  instrument  is 
cumbersome  and  at  the  same  time  less  efficient,  since  it  can 
not  be  so  grasped  that  the  hand  is  able  to  compress  it  quickly. 
The  lumen  of  the  delivery  tube  is  frequently  so  small  in  pro. 
portion  to  the  size  of  the  bug,  that  when  a  sudden  effort  at 
oorapresston  is  made,  very  little  air  is  forced  out,  the  ten- 
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&ion  in  ihe  bulb  almost  immediately  reaching^  such  a  degree 
Ihnt  further  aiinprcssion  is  impossible.  The  use  of  a  small 
bulb,  ot  not  mure  tliati  four  ounces'  cajiacity,  is  attended  with 
more  satisfactory  results ;  the  instrument  can  be  easily  held 
in  the  pahn  of  (he  hand,  so  that  the  fingers  encircle  it,  and 
can  be  almost  completely  emptied  when  the  hand  is  quickly 
closed  upon  it.  The  actual  air  pressure  obtainable  with  a 
bulb  of  moderate  sizo  is  greater  than  with  one  of  large  di< 
mcusiuns.  It  is  immaterial  whether  the  air  \iag  h  pn>vidcd 
with  n  vulve  which  allows  the  entrance  of  air.  but  closes  whco 
the  bulb  is  compressed,  or  whether  it  has  but  a  single  open- 
ing, in  which  case  the  free  end  must  be  removed  from  the 
nostril  after  each  act  of  inflation.  When  this  last  form  of  bag 
is  employed  it  must  be  removed  from  the  nostril  before  the 
preRSlire  upon  the  bag  is  relaxed;  otherwise,  the  mucus  from 
the  nasal  cavity  will  be  sucked  up  into  the  tube.  To  prevent 
this  accident  it  is  also  important  that  the  tip  be  wiped  imme- 
diiilely  after  removal,  either  with  cotton  or  with  a  towel,  and 
before  allowing  the  bag  to  refill.  It  is  more  convenient  cer. 
lainly  to  use  a  bag  provided  with  a  valve,  although  even  here. 
If  ihc  nose  piece  is  allowed  to  remain  in  position,  a  certain 
amount  of  mucus  may  be  aspirated  from  the  nasal  cavity- 
The  objection  to  the  valve  lies  in  the  fact  that  it  is  liable  to 
KOt  out  of  order.  This  diflicuUy  may  be  obviated  by  ciTlting 
a  hole  in  the  side  of  the  ordinary  bag,  and  covering  the  oj^en- 
liig  with  the  hand  during  the  act  of  compression;  as  the  fin- 
gers are  relaxed  it  is  uncovered,  thus  allowing  the  balloon  to 
(ill  readily.  This  is  certainly  more  simple  than  any  automatic 
valve,  and  demands  only  a  little  attention  on  the  part  of  the 
operator  to  see  that  [lerfect  closure  of  the  opening  is  effected 
at  eucli  act  of  inflation.  Personally.  I  often  use  a  very  small 
bulb  of  a  capacity  of  about  two  ounces,  such  as  is  supplied 
with  the  ordinary  hand-ball  nasal  atomizer.  The  valves  in 
these  instruments  arc  fairly  well  made,  and  do  not  get  out  of 
order  readily.  The  one  which  I  prefer  has  two  valves,  one 
allowing  the  air  to  enter  at  the  distal  end  of  the  bulb,  while 
nl  the  same  time  a  valve  at  the  opposite  extremity  closes  the 
channel  between  the  bulb  and  the  nasal  cavity  of  the  patient, 
preventing  the  entrance  of  mucus.  Thic  small  bulb  is  also 
particularly  adapted  for  u.se  with  the  catheter,  it  being  only 
necessary  to  change  the  lip. 

Regarding  the  particular  form  of  tip  suitable  for  insertion 
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into  ihc  nostril,  inflividiial  preference  will  probably  be  the 
btsi  guide.  Many  advocate  the  use  of  a  small,  curved  hard- 
rubber  tip.  This  tube  is  inserted  into  the  inierior  meatus, 
where  it  is  held  between  the  Fin^vrsand  tliunib  of  tlic  Left  hand, 
which  at  the  same  time  compress  the  ala;  nasi  so  tightly  as  to 
alhiw  no  air  to  escape.  1  have  never  been  able  to  use  this  in- 
strument to  myown  satisfaction, although  there  is  noquestion 
that  it  is  perfectly  rfTicient  in  other  hands.  The  objection  to 
i'%  use  is  that  the  introduction  ol  Ihc  tube  intothc  nostril  may 
be  [taiitful,  if  the  septum  is  considerably  deflected,  and  even 
when  tlie  greatest  care  is  used,  slight  hicniorrhagc  niaj'  follow 
Ihc  pri>ccdurc.  If  this  form  of  tip  is  chosen,  care  should  be 
taken  that  its  calibre  is  ample,  permitting  a  large  volume  of 
air  to  pass  through  it.  As  the  instrument  is  usually  sold  in 
the  shops,  Ihc  bore  is  very  small  in  comparison  with  the  ex- 
terna) diameter  of  the  tube.  It  is  also  wise  to  cox'er  the  end 
u(  the  lube  to  be  introduced  into  the  inferior  meatus  with 
a  piece  of  thin  rubber  tubing,  as  an  abrasion  of  the  nasal  mu- 
CODS  membrane  is  less  liable  to  be  caused  if  this  is  done. 

For  my  own  use  I  prefer  a  conical  lip,  which  occludes 
the  anterior  nasal  opening  perfectly  by  the  coaptation  of  its 
surface  with  the  soft  walls  of  the  opening  into  which  it  is  in- 
serie<l.  This  conical  lip  may  be  consfriiclrd  either  of  glass, 
hard  rubber,  or  aluminium,  and  care  should  be  taken  that  the 
opening  through  it  is  of  sufficient  size  to  allow  a  free  passage 
o(  the  air  when  sudden  condensation  is  effected.  In  children 
this  conical  tip  is  unquestionably  more  effectual  and  more 
easily  manipulated  than  the  one  previously  mentioned. 

Catheterization  of  the  Eustachian  Tube. — By  this  manipu- 
lalinn  the  surgeon  directs  a  current  o(  air  into  the  tympanum 
of  one  side  or  the  other,  by  means  of  a  canula,  which  is  passed 
through  the  nasal  passages  into  the  vault  of  the  pharynx  and 
inserted  directly  into  tht  Eustachian  orifice. 

Bctorc  giving  a  detailed  description  ii[  the  method  of  intro- 
ducing the  instrument,  n  iew  words  mav  be  said  concerning 
Ihc  catheter  itself  (Fig. 

45).    It  consists  ufn  tube      ^^^^^^^^^^i^^i^^^^^H^^ 
ol  either   hard   rubbt-r.     ^  ©  @    ©    ©    ^ 

pure   or   C(«n   silver,  or  pj^.  4s._Thc  EMUdiian  cmheter. 

1)1  German  silver,  about 

eight  inches  long,  bent  in  the  arc  of  a  circle  at  one  extremity, 
while  at  the  other  it  is  expanded  into  an  elongated  funnel, 
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a  patholoffica!  condition,  this  process  of  the  incus  may  run 
almost  horizontally  inward,  tht,'  processus  lenticularis  beinu 
hidden  behind  the  supero-postcrior  margin  of  the  bony  ring. 
In  such  an  event  the  stapes  itself  and  the  stapedius  tendon  are 
out  of  the  range  of  vision.  Another  situatitin  frequently  oc- 
cupicd  by  this  process  ol  the  incus  is  close  to  and  just  behind 
the  posterior  margin  of  the  bony  ring.  It  passes  downward 
in  a  direction  parallel  to  the  posterior  limb  of  the  annulus,  and 
is  brought  into  view  if  the  patient's  liead  is  turned  away  from 
the  examiner,  permitting  the  illuminating  rays  to  pass  behind 
the  projecting  margin  of  the  ring.  This  position  of  the  incus 
H  usually  the  result  of  contraction  of  the  stapedius  muscle 
or  of  shortening  of  its  tendon.  Search  with  a  delicate  probe 
reveals  the  location  of  the  crus  nf  the  incus,  the  instrument 
being  easily  hooked  about  it  and  drawing  it  into  view.  If 
firmly  fixed,  the  division  of  the  stapedius  tendon  or  of  dense 
adhesions  passing  backward  from  the  piislcrior  crus  of  the 
stapes  releases  it  and  brings  it  into  the  field  of  visi-m.  The 
upper  and  posterior  quadrant,  since  it  contains  structures  so 
important  to  the  function  of  audition,  should  always  be  closely 
examined,  whether  the  mcmbrana  tympani  is  intact  or  par- 
tially destroyed.  Frequently  the  attenuation  of  the  mcm- 
brana in  this  locality,  cither  from  cicatrization  or  atro[ihy. 
enables  the  observer  to  recognize  the  above-mentioned  parts 
through  it.  This  is  particularly  so  when  there  is  consider- 
able retraction  of  the  drum  membrane,  which  then  applies 
itself  closely  to  the  structures  beneath. 

Below  the  incudo-stapedial  articulation  in  the  lower  part 
of  the  supero-posterior  quadrant,  and  encroaching  to  a  greater 
or  less  extent  upon  the  postcro-inferior  quadrant,  is  seen  a 
deep  niche  the  posterior  boundary  of  which  is  ludden  by  the 
margin  of  the  annulus  tj-mpanicus,  while  the  anterior  mar- 
gin forms  the  postcro-inferior  boundary  of  the  promontory. 
At  this  line  the  inner  tympanic  wall  bends  at  almost  a  right 
angle,  and  the  plane  of  the  niche  is  directed  backward  and 
downward.  The  depression  formed  by  this  sudden  bend  is 
the  niche  ol  the  round  window.  Sometimes  it  lies  entirely 
behind  the  margin  nf  the  ring  and  out  of  the  field  of  vision. 
The  portion  of  the  tympanic  wall  occupying  the  middle  of 
the  field  of  inspection  is  the  promontory.  It  covers  the  first 
turn  iti  the  cochlea,  and  exhibits  a  convex  surface  which  en. 
croachcs  to  a  varying  extent  upon  the  the  cavity  of  the  tym. 
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pamim.  When  this  portion  of  the  wal!  is  unusually  convex, 
and  the  niche  of  the  round  window  can  be  seen,  the  pro- 
jecting mass  will  occasionally  be  mistaken  for  an  exostosis 
unless  the  possibility  of  its  anomalous  prominence  is  borne 
in  mind.  The  region  corrt'sponding  to  the  antcro-inferior 
quadrant  presents  nothing  demanding  special  notice,  except 
that  the  tympanic  opening  of  the  Eustachian  lube  may  en- 
croach  upon  its  upper  [>art.  In  the  majority  of  cases  the 
tympanic  orifice  of  the  tube  lies  in  the  upper  anterior  cjuad- 
rant  and  may  be  entirely  concealed  by  the  anlciior  border  of 
the  tympanic  ring. 

When  the  mcmbrana  vibrans  is  absent  it  is  possible  to 
pass  a  delicate  probe,  bent  at  a  right  angle  at  the  lip.  upward 
into  the  vault  of  the  tympanum,  both  in  front  and  behind  the 
short  process  of  the  malleus,  the  angular  portion  disappear- 
ing completely  in  the  upper 
tympanic  space.  Traction 
outward  causes  the  bent  part 
of  the  probe  to  press  upon 
the  inner  extremity  of  the  su- 
perior wall  of  the  canal,  and  the  instrument  can  not  be  re- 
moved by  traction  directly  outward,  it  being  necessary  first 
to  disengage  its  tympanic  extremity  from  the  inner  margin 
of  the  superior  wall  of  the  meatus. 

As  the  result  of  caries,  the  superior  wall  of  the  meatus 
close  lo  the  tympanum  may  be  destroyed,  bringing  into  view 
a  portion  of  the  head  of  the  malleus  and  the  adjacent  part  of 
the  incus,  or,  where  the  ossicles  have  been  destroyed  or 
displaced,  the  upper  part  of  the  inner  tympanic  wall  lies  ex- 
posed. We  then  see  distinctly  ttic  pelvis  ovalis,  and  just 
nbuve  this  the  wall  of  the  aquxduclus  Fallopii  arching  over 
iL  If  this  last  structure  has  been  involved  in  the  carious 
pnxxss,  impact  of  the  probe  may  cause  twitching  of  the 
facial  muscles,  owing  to  mechanical  irritation  of  the  seventh 
nerve. 

Naturally,  in  inspecting  the  tympanic  cavity  where  the 
mcmbrana  lympani  has  been  destroyed  as  the  result  of  dis. 
case,  or  where  a  flap  has  been  reflected  for  the  purpose  of 
exploration,  the  parts  which  can  be  brought  into  view  will 
largely  depend  both  upon  the  position  in  which  the  head  of 
the  patient  is  placed  and  upon  the  correct  manipulation  of  the 
s|>eculum,  so  that  areas  hidden  from  the  direct  line  of  vision 
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the  bulb,  without  any  motion  being  imparted  to  the  catheter 
when  it  is  once  in  position.  When  this  apparatus  is  used  the 
hard-rubber  tube  is  fitted  into  the  catheter  before  the  instnt- 
ment  is  introduced  into  the  nose,  the  small  size  of  bulb  rcn- 
dcring  it  possible  to  gra>j>  this  in  the  pjilm  of  Ihe  hand,  while 
the  fingers  of  the  same  hand  hold  the  catheter  an<i  manipidaic 
it  during  its  passage  through  the  nasal  cavity  (Figs.  46  and 
47).  This  allows  of  great  freedom  of  manipulation,  on  account 
of  the  length  ol  the  tube  which  joins  the  catheter  to  the  bulb. 
After  the  catheter  is  once  in  place  the  fingers  of  the  left  hand 
fix  it,  while  with  the  right  hnnd  the  surgeon  compresses  the 
bulb  as  many  times  as  may  be  necessary.  No  nioiion  is  com- 
municated  to  the  instrument  as  the  bulb  is  emptied,  and  no 
discomlort  attends  the  operation.  Certainly  from  a  humane 
point  of  view  this  method  is  to  be  preferred  ;  and  it  may  also 
be  said  that  since  the  mechanical  irritation  is  reduced  to  a 
minimum  the  therapeutic  value  is  also  greater. 

Lucae*  advises  the  interposition  of  an  clastic  bulb  l>e- 
twccn  the  inflating  bag  and  the  catheter  to  serve  as  a  re- 
ceiver, which  is  filled  by  the  compression  of  the  inflating  bag. 
The  elasticity  of  this  second  bulb  permits  of  the  introduction 
of  a  continuous  current  of  air  into  the  tympanum.  It  has 
never  in  my  experience  seemed  necessary  that  the  current  of 
air  should  be  continuous,  and  for  diagnostic  purjioses  cer- 
tainly, it  would  be  of  less  value  than  an  intermittent  current. 

Many  Continent.il  otologists  advocate  the  use  of  a  higher 
air  pressure  than  can  be  obtained  by  any  ol  the  above  instru- 
ments,  and  employ  some  form  of  air  pump  to  secure  the 
proper  amount  of  tension.  In  such  an  instrument  the  air  is 
forced  by  the  pump  into  a  large  receiver,  provided  with  a 
gauge  for  registering  the  degree  of  condensation.  The 
Eustachian  catheter  is  connected  with  this  receiver  by  means 
of  a  flexible  tube,  and  the  air  is  allowed  to  escape  through 
the  instrument  by  means  of  a  properly  adjusted  cut-off. 

When  Ihe  Eustachian  tube  is  so  much  obstructed  that 
catheter  inflation  is  im|n>.ssible  with  the  ordinary  air  bag.  some 
method  should  be  employed  to  determine  the  esact  nature  of 
the  obstruction,  rather  than  to  attempt  to  perform  inflation 
with  very  high  air  pressure.  The  .same  remark  will  apply  In 
the  use  of  any  form  of  foot  bellows  for  a  similar  purpose.    Re- 
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garding  all  of  these  devices,  it  should  be  borne  in  mind  that. 
as  a  diagnostic  measure,  considerable  information  is  gained 
by  estimating  the  amount  ol  force  necessary  to  empty  ihe 
bag  by  compressing  it  in  the  palm,  in  ordtrr  to  secure  a  (ree 
entrance  of  air  into  the  tympanum,  as  evidenced  by  nuscul- 
tatory  signs.  The  hand  and  ear  of  the  operator  then  act 
together,  allowing  him  to  interpret  the  relation  between  the 
intensity  of  any  particular  sound  heard,  and  the  force  neces- 
sary to  secure  the  degree  of  pressure  requisite  lo  force  the 
air  into  the  tympanum  and  produce  the  sound. 

An  appropriate  catheter  and  inflating  apparatus  having 
been  selected,  the  next  step  is  the  technique  of  inserting  the 
instrument.  The  plan  v^hich  seems  most  simple  will  be  first 
described,  after  which  other  methods  will  be  detailed. 

The  inflating  bulb  is  held  in  the  palm  of  the  right  hand, 
while  the  catheter,  having  been  properly  connected  with  it,  is 
grasped  lightly  between  the  thumb  and  index  and  middle  fin- 
gers of  this  hand,  much  as 
a  pen  is  held.  The  shaft 
55.  of    the    instrument     points 
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no,  46. — [ntroductivn  of  the  Eos- 
lachUtD  cath«ter  (fint  iiep). 


FlC  47.  —  TnlToduclion  of  Ihc  Eui- 
tachian  calheter  (tecnnd  ncp). 


directly  upward,  while  the  curved  pharyngeal  portion  lies 
in  the  horizontal  plane,  ihc  oriticc  of  the  catheter  looking 
forward.  The  patient  should  be  seated  in  a  chair  with  a 
high  back,  and  the  head  should  be  inclined  forward  slightly, 
while  at  the  same  time  he  should  be  directed  to  close  the  Ups 
tightly  and  breathe  slowly  and  quietly  through  the  nostrils. 
The  operator,  cither  standing  or  sitting  at  the  right  of  the  pa- 
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ticnt,  tilts  the  tip  of  the  patient's  nose  upward  with  the  ball 
of  the  left  thumb,  the  index  and  middle  Hngcrs  resting  upon 
the  nose  just  below  the  bridge.  From  this  moment  the  Icll 
hand  is  not  removed  from  the  patient'^  no»e  until  inflation  has 
been  accomplished  and  the  catheter  has  been  removed.  The 
tip  of  the  nose  being  elevated,  the  extremity  of  the  catheter  is 
introduced  into  the  nostril  (see  Fig.  46) ;  as  soon  as  the  instru- 
ment has  passed  the  slight  ridge  at  tlie  nasal  orifice  the  opera- 
tor carries  the  hand  holding  the  instrument  xipward  until  the 
catheter  assumes  a  horizontal  position.  In  this  position,  with 
the  tip  kept  constantly  upon  the  floor  of  the  nasal  cavity,  the 
catheter  is  passed  directly  backward  through  the  inferior 
meatus  until  the  posterior  pharyngeal  wall  is  encountered 
(Fig,  47) ;  it  is  then  drawn  forward  about  three  eighths  or  one 
fourth  of  an  inch,  and,  remembering  that  the  guide  ring  on 
the  shaft  indicates  the  direction  in  which  the  pharyngeal  ex. 
trcmity  points,  the  instrument  is  rotated  upon  its  long  axis 
until  the  ring  points  almost  directly  outward  toward  the  side 
to  be  inflated.  The  hand  is  then  elevated  a  little  and  carried 
slightly  toward  the  opposite  car,  causing  the  pharyngeal  ex- 
tremity of  the  instrument  to  descend,  and  at  the  same  time  to 
press  lightly  against  the  lateral  pharyngeal  wall.  By  drawing 
the  catheter  a  little  outward,  the  ti[}  will  be  felt  to  impinge 

upon  the  posterior  lip  of  the  tube  ;  it 
is  to  be  drawn  over  this,  the  tip  being 
turned  slightly  downward,  if  ncccft- 
sary,  to  eflect  this  without  undue 
force.  As  soon  as  the  operator  knows 
by  the  sense  of  touch  that  the  promi- 
nent posterior  lip  has  been  passed,  the 
catheter  is  rotated  upon  its  long  axis 
until  the  guide  ring  points  upward 
and  outward  toward  the  ear,  while  at 
the  same  time  the  outer  extremity  of 
the  instrument  is  moved  toward  the 
opposite  side, thus  pushing  the  jiharyn- 
gcal  extremity  well  into  the  mouth  of  the  lube.  When  care- 
fully placed,  the  sense  of  fixation  imparted  to  the  hand  is  un- 
mistakable. At  this  juncture  the  left  thumb  is  moved  so  as 
to  pass  beneath  the  catheter  and  sujipnrt  it.  The  instrument 
is  thus  held  firtnly  against  the  margin  of  the  nostril,  by  the 
thumb  below  and  the  first  three  fingers,  resting  upon  the 
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bridge  of  the  nose,  above  (Fig.  48) ;  at  the  same  time  the  tip  of 
tlic  nose  is  pressed  ujiward  as  before.  The  right  Uand  is  now 
iree  to  compress  the  bulb,  forcing  the  air  through  the  catheter 
into  the  middle  car,  its  entrance  being  recognized  by  sounds 
heard  through  the  auscultation  tube. 

As  already  stated,  the  value  of  auscultation  for  diagnostic 
purposes  can  not  be  overestimated,  ami  the  catheter  is  much 
superior  to  other  methods  of  inflation  when  the  operation  is 
performed  as  a  diagnostic  measure  only.  The  amount  of 
manual  pressure  necessary  to  force  the  air  into  the  tympanum 
is  also  of  importance  in  determining  the  degree  of  obstruction 
present,  and  this  may  be  roughly  estimated  by  the  operator 
with  each  act  of  compressing  the  bulb.  The  various  sounds 
produced  afford  exact  information  as  to  the  physical  condi- 
tion  of  the  mouth  of  the  tube,  of  the  tubal  canal,  and  of  the 
tympanum.  These  advantages  arc  not  offered  by  the  Politzer 
method  of  inflation,  since  the  efficiency  of  the  procedure  de- 
pends entirely  upon  the  ability  of  the  patient  to  close  the 
naso-pharyngeal  space  completely  at  the  proper  moment.  In 
catheterization  the  operator  has  the  entire  control  of  the  pro- 
cedure,  and  from  knowledge  derived  by  the  sense  of  touch  as 
to  the  exact  location  of  the  catheter,  and  by  an  estimate  of 
the  force  employed  during  the  act  of  inflation,  he  is  able  to 
derive  valuable  information  from  the  various  auscultatory 
sounds  elicited  during  the  experiment. 

Auscultatory  Sounds. — We  may  consider  that  the  sounds 
heard  through  the  auscultation  tube  an-  produced  either  at 
the  pharyngeal  orifice  of  the  tube,  or  uithin  the  lumen  of  tlie 
canal,  or  within  the  tympanum,  Frequently  the  car  analyzes 
the  impression  made  upon  it  during  such  an  examination,  re* 
solving  the  combination  of  sounds  heard,  into  the  several  sim- 
ple sounds  produced  at  each  of  these  locations. 

The  determination  of  the  point  at  which  a  given  sound  is 
generated  consists  in  measuring  its  intensity  or  its  proximity 
lo  the  ear  of  the  examiner.  Since  the  tympanum  of  the  pa- 
tient  is  separated  from  the  lumen  of  the  diagnosis  lube  simply 
by  the  drum  inembranc.  any  sound  produced  by  the  air 
entering  the  tympanum  will  appear  to  originate  in  the  ear  of 
the  examiner.  \Ve  also  remember  that,  on  entering  the  tym. 
panum.  the  current  passes  from  a  narrow  canal  into  a  cavity 
of  comparatively  large  size,  and  wc  should  expect  that  its 
character  would  be  niodi5cd  by  this  change  in  the  physical 
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conditions,  so  that  the  pitch  would  be  lowered  and  the  quaP 
ity  suftened. 

On  the  other  hand,  sounds  originating  in  the  Eustachian 
canal  would  be  of  higher  pilch,  biil  vvmild  impress  the  listener 
as  though  they  came  iroin  a  greater  distance  from  his  car 
than  the  tympanic  sounds.  Auscultation  sounds  originating 
in  the  nasopharyns  or  at  the  pharyngeal  orifice  ol  the  tube 
will  s?em  still  more  distant,  being  heard  quite  as  well  with 
the  open  ear  as  through  the  auscultation  tube. 

Th(  Normat  Tyntj^anie  Bruit. — With  the  parts  in  a  normal 
condition  the  surgeon  hears  with  each  cunipressiun  of  the 
bulb  of  the  inflating  apparatus  a  soft,  dry,  blowing  sound, 
together  witli  a  slight  but  distinct  percussion  sound  due  to 
ihe  impact  of  the  current  of  air  upon  ihc  drum  membrane. 
This  last  is  compared  by  Dclenu  *  to  drops  of  rain  as  ihcy 
fall  upon  (oUagc  in  the  forest  during  a  shower.  The  ■'blow- 
ing  sound  "  is  produced  by  the  passage  of  the  atrial  current 
through  tlie  catheter  and  liustachian  tube  into  the  cavity 
of  the  tympanum;  the  "impact  sound."  by  the  obstruction 
offered  by  the  membrana  tynipaiii  to  the  farther  progress  of 
the  air.  With  the  membrane  in  a  proper  position  and  under 
normal  tension,  this  last  sound  is  but  slightly  marked,  and 
may  be  so  indistinct  as  to  be  entirely  overlooked.  It  is 
possible,  however,  with  care,  to  make  out  Ihe  tympanic,  tu- 
bal, and  pharyngeal  components  of  the  auscultation  sound  in 
almost  cvcrv  instance.  We  have  next  to  examine  the  vari- 
ations wliich  the  normal  auscultation  sound  undergoes  when 
the  various  parts  are  not  in  a  condition  of  health.  Wc  will 
consider  these  according  to  the  special  region  in  which  ihey 
arise. 

I.  Tympauu  Smnds, — {a)  An  exaggeration  of  the  "impact 
sound  *■  indicates  a  considerable  displacement  outward  of  the 
membrane  under  the  influence  of  the  increased  tympanic  pres- 
sure. Hence  llie  membrane  must  have  been  retracted,  oc- 
cupying an  abniirmal  position — a  fact  already  determined  by 
previous  speculum  examination;  or.  if  occupying  a  normal 
position,  it  must  have  been  so  relaxed  as  to  admit  of  consid- 
erable outward  displacement  by  llie  aerial  condensation.  If 
this  last  condition  exists  a  seconrlary  sound  will  be  heard,  as 
the  hand  holding  the  bulb  relaxes,  thus  allowing  the  pressure 
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in  the  middle  car  to  diminish,  by  the  escape  of  the  air  from 
the  tynipanmii  through  the  tube  into  the  pharyngeal  vault. 
The  amount  of  air  forced  backward  in  this  w;iy,  and  conse- 
quently the  intensity  of  this  secondary  sound,  will  depend 
upon  the  resiliency  of  ihe  menibrana  tymprini  and  the  exact- 
ness with  which  the  catheter  fits  ihe  pharyngeal  orifice.  This 
secondary  sound  is  sharp  and  similar  to  tne  original  "impacr 
sound."  but  less  intense. 

Sounds  having  their  origin  within  the  tvmpanum  are 
heard  so  distinctly  that  those  not  accustomed  to  the  use  of 
the  auscultation  tube  will  frequently  describe  them  as  origi- 
nating within  their  own  cur. 

(d)  If  now  the  tympanic  cavity  is  filled  with  fluid  the  nor. 
mal  " blowing  "  and  "impact"  sounds  undergo  a  change,  so 
that  a  rough  bruit  is  observed  in  place  of  the  "  blowing 
sound,"  accompanied  and  followed  by  a  scries  of  sharp  crack- 
ling r^les  following  each  other  at  irregular  intervals,  and 
persisting  for  a  short  period  as  the  inflating  bulb  is  allowed 
to  relill.  This  rattling  a|)pcars  to  be  in  the  car  of  tlie  exam- 
iner, and  conveys  the  impression  of  a  current  of  air  being 
driven  through  a  collection  of  fluid.  The  quality  of  these 
tSAcs  gives  some  hint  as  to  the  nature  of  the  fluid.  Crejiita- 
lation  of  a  fine,  high-pitched  character  is  heard  when  the  fluid 
is  walcry,  but  the  riilcs  arc  coarse,  low-pitched,  and  bubbling 
when  the  liquid  is  thick  and  viscid  and  adheres  to  the  walls 
of  (he  cavity.  These  distinctions  are  of  but  little  importance, 
as  the  exact  nature  of  the  fluid  is  of  no  moment.  It  must  also 
be  remembered  that  even  if  fluid  is  present,  it  may  lie  out 
of  the  course  o(  the  current  of  air  which  enters  the  cav- 
itv,  and  the  auscultation  sound  may  afford  no  evidence  of  its 
presence. 

(<■)  When  the  cavity  of  the  tympanum  is  completely  filled 
with  fluid  no  crepitation  is  heard,  as  the  air  fails  to  enter  the 
Oiiddtc  ear  at  all.  and  the  normal  "blowing  sound  "is  also 
anting.  The  "  impact  sound,"  however,  is  heard  as  the 
current  of  air  enters  the  tube  and  impinges  upon  the  fluid 
contained  in  the  tympanum.  The  percussion  sound,  how- 
ever, loses  its  sharp  cliaracter,  appearing  indistinct,  distant. 
and  low-pitched. 

{d)  Any  solution  of  continuitv  in  the  drum  membrane  is 
easily  discovered  ujjim  forcing  air  through  the  Eustachian 
tube,  provided  the  opening  through  the   membrana  is  not 
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completely  shut  o(T  from  Ilie  Eustachiun  canal  by  adhesions. 
The  character  varies  with  the  size  of  the  openin£,  being 
high-pitched  and  whistling  when  this  is  smAll,  and  of  a  blow- 
ing- quality  when  the  are;i  destroyed  is  greater.  With  exten- 
sive destruction  of  the  membrana  the  air  is  felt  to  enter  the 
can»l  of  the  t;xaniiner  and  tu  iinpiiiji^e  upon  the  walls  of  the 
meatus.  The  pitch  of  the  note  heard  when  the  perforation 
is  of  moderate  size  will  depend  soincwhat  upon  the  thickness 
of  its  edges.  Where  the  drum  tnembraiie  is  greatly  swollen 
the  edges  do  not  vibrate  (rcely  and  the  sound  is  rather  low- 
pitched.  Where  the  thickening  is  not  excessive,  and  espe- 
cially if  the  membrane  is  fairly  tense,  a  high-pitched  note, 
known  as  the  "  perforation  whistle,"  is  heard. 

(<•)  Certain  sounds  comparable  to  those  heard  when  two 
moist  surfaces  are  forcibly  separated  arc  frequently  per- 
ceived upon  inflation,  and.  from  their  apparent  proximity  to 
the  car  of  the  examiner,  evidently  originate  within  the  tym- 
panic cavity-  They  are  caused  b}-  the  separation  of  the 
membrana  from  the  inner  tvmpanic  wall,  by  the  act  of  infla- 
tion, and  are  met  with  in  cases  where  slight  hypersecretion 
has  taken  place,  allowing  the  twoojjpKjsing  surfaces  to  adhere. 
Occasionally  these  signs  indicate  the  nipturi;  of  newly  formed 
adhesions, 

(/)  When  the  middle  car  is  the  .seat  of  adhesive  inflam- 
mation, which  diminishes  the  size  of  the  cavity  hy  drawing 
the  drum  membrane  inward,  or  when  this  structure  ilsell  is 
thickened  and  rigid  from  connectivc-tissue  hyperplasia  or 
from  calcareous  deposits,  or  where  the  tympanic  orifice  of 
the  tube  has  been  greatly  narrowed,  the  tympanic' (actor  oi 
the  brOit  is  practically  lust,  and  the  sound  seems  distant. 
This  is  observed  most  frequently  in  patients  of  advanced  years. 

2.  Tubal  Sauntis. — In  passing  through  the  Eusl.ichian  canal 
the  column  of  air  is  thrown  into  vibration,  pmdiicing  sounds 
which  vary  in  character  according  to  the  patency  of  the  pas- 
sage, the  condition  of  the  walls,  and  the  presence  or  absence 
of  moisture.  When  the  air  is  not  heard  to  enter  the  tym- 
panum,  but  the  listener  is  conscious  of  a  distant  harsh  blowing 
sound  with  each  act  of  inflation,  the  catheter  being  correctly 
placed,  but  one  inicrprciation  can  be  made  of  the  sign— it 
must  indicate  stenosis  of  the  channel.  The  location  ol  the  ob- 
struction is  determined  by  observing  the  relative  distance  at 
which  the  sound  appears  to  be  from  the  ear  of  the  examiner. 
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it  approximates  more  nearly  to  the  pure  pharyngeal  sound 
'according  as  the  barrier  is  located  nearer  this  orifice.  When 
the  bruit  is  fairly  constant  in  quality  and  intensity,  the  nar- 
rowinp  may  be  looked  upon  as  depending  upon  some  organic 
change  in  th<*  tubal  walls. 

On  the  other  hand,  if  its  character  changes  with  each  act 
of  compression  of  [he  air  bag,  then  it  is  probable  that  the 
lumen  of  the  tube  is  closed  cither  by  a  plug  of  secretion  or  by 
tumefaction  of  the  lining  membrane.  In  the  first  instance  the 
listener  hears  a  harsh,  moist,  rasping  sound,  the  pilch  of  which 
varies  each  time  the  air  is  forced  inward,  while  occasionally 
the  current  will  be  heard  to  rush  into  the  middle  car.  This 
is  claused  by  the  momentary  displacement  of  a  mass  of  tena- 
cious mucus  which  occludes  the  channel,  permitting  the  air 
to  enter.  Prolonged  inflation  usually  dislodges  the  obstruc- 
tion and  allows  the  current  to  enter  the  tympanum  with  each 
compression  of  the  bulb. 

When  the  tube  is  narrowed  in  calibre  at  any  point  by 
slight  swelling  or  by  a  hyperfjlastic  process,  the  l)luwing 
sound  is  of  higher  pitch,  according  to  the  degree  to  which 
the  channel  is  narrowed,  being  of  the  squeaking  or  whistling 
character  when  the  stenosis  is  nearly  complcle.  When  due  lo 
a  hyperplastic  process  the  sound  varies  but  little  as  inflation 
continues,  while  if  it  depends  simply  upon  swelling  of  the 
walls  of  the  passage,  the  mucous  membrane  being  at  the  same 
lime  moist,  the  bruit  changes  considerably  in  quality  as  the 
operation  is  continued,  moist,  crackling,  or  snapping  sounds 
being  heard  from  time  to  time,  which  modify  the  high-pitched, 
whistling  note.  The  sensation  of  proJtimity  lo  the  observer  is 
wanting,  and  this  fact  indicates  the  tubal  origin. 

When  the  walls  of  the  tube  are  in  contact,  as  the  result  of 
oedema,  the  air  frequently  fails  to  enter  the  passage  when  an 
attempt  is  made  lo  compress  the  bulb,  the  catheter,  if  properly 
located,  seeming  to  be  completely  occluded.  A  slight  move- 
ment of  the  instrument  and  repeated  efforts  at  inflation  pro- 
duces  a  dislunt  clicking  noise,  followed  by  a  high-pitched 
whistle,  and  the  air  is  felt  to  rush  into  the  middle  ear  hnddrn- 
ly.  This  phenomenon  repents  itseli  during  the  operation,  the 
air  entering  the  tympanum  only  after  the  bulb  has  been  com- 
pressed several  times,  and  then  but  in  small  quantity. 

It  is  scarcely  necessary  to  call  attention  to  the  signs  ob- 
■rved  where  the  tube  is   abnormally  patent;  one  need  only 
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remember  that  the  intensity  of  the  tympanic  sound  must  be 
greater  if  the  tube  is  of  wide  calibre  than  if  it  is  narrowed. 
The  same  is  true  o(  the  intensity  of  the  tubal  sound  itself.  At 
the  same  time  there  will  be  no  resistance  to  compression  of 
the  bulb. 

3-  Fkaryngeai  Sounds. — These  sounds  are  easily  recognized 
by  their  \-ariable  character;  they  are  heard  also  quite  as  well 
through  the  air  as  through  the  diagnosis  lube.  Even  when  a 
perfect  inflation  is  made  under  normal  conditions  a  soft,  indis- 
tinct  blowing  sound,  depending  upon  the  escape  of  a  certain 
amount  o(  air  into  the  pharyngeal  vault,  is  heard  with  the  open 
car.  With  partial  or  complete  occlusion  of  the  Eustachian 
canal,  or  when  its  pharyngeal  orihce  is  filled  with  secretion, 
Ihis  sound  becomes  louder,  and,  if  the  trumpet-shaped  orifice 
of  the  lube  contains  viscid  mucus,  is  of  a  hoarse,  rasping  qual. 
ity  as  the  air  bubbles  through  it.  While  these  sounds  may  be 
heard  even  when  the  instrument  is  correctly  placed  if  the 
parts  are  swollen  and  inflamed,  still  they  most  frequently  in. 
dicatc  that  the  catheter  has  been  improperly  manipulated,  and 
that  the  tip  lies  in  RoscnmUltcr's  fossa,  behind  the  tubal  ori- 
fice. Occasionally  the  catheter  is  pressed  so  forcibly  against 
the  lateral  wall  of  the  pharynx  as  to  completely  occlude  the 
lumen,  and  no  air  can  be  forced  through  the  instrument  upon 
attempting  to  perform  inRalion.  A  forcible  effort  at  infla- 
tion may  partially  overcome  the  resistance,  giving  rise  to  a 
harsh,  rasping  sound  as  the  current  passes  Irom  the  instrument 
and  overcomes  the  elasticity  ol  the  mucous  membrane  which 
has  occluded  the  opening.  Sometimes,  instead  of  lying  ex- 
actly  in  the  pharyngeal  orifice,  the  instrument  impinges  upon 
the  posterior  lip  of  the  tube.  The  pharyngeal  bruit  will  pre- 
dominate if  this  is  the  case,  and  will  be  of  a  particularly  dis- 
cordant, vibratory  character,  the  cartilaginous  plate  forming 
the  posterior  wall  of  the  tube  being  thrown  into  irregular  vi. 
brations  each  time  the  bag  is  emptied. 

While  the  preceding  description  of  these  sounds  may  seem 
complicated,  their  recognition  is  simple  after  a  little  practice, 
and  it  is  easy  to  recognize  any  undue  prominence  of  the  tubal, 
tympanic,  or  pharyngeal  factors  of  the  bruit.  The  informa- 
tion gained  by  close  attention  to  this  method  of  examination 
will  amply  repay  one  forthelabor  expended  in  perfecting  him- 
self in  it. 

But  one  method  of  introducing  the  catheter  has  been  given 
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as  yet,  for  the  reason  that  it  has  seemed  better  to  take  this  one 
as  the  standard,  and  to  describe  the  viirialions  in  technique 
which  may  be  resorted  to  when  this  first  method,  lor  any  rea- 
son, is  not  successful.  It  is  advisable  for  the  beginner  to  ad- 
here closely  to  oncmcthod  of  catheteriKatimi  raihcrlhan  to  re- 
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0.  ^^— Vtrtieal  ifrtion  (hrrtngh  nitul  ch«m>i<n  miil  pliaryngcal  vnuli  of  adult. 
Tfc»  lower  [>nrtu>ii  rvf  ihe  ««plum.  nppniit«  lh<  infehnr  ttirliinnlod  body  atid  ihe 
infifiof  mcttu.  tuk  bern  r«iiiovi?'l,  expo^jng  iliv  courve  folloived  by  itic  citbe- 
ler.     Tbe  EuftUchian  onlkc  ii  wdl  marked.     (Authur'>  apcdroen.) 


sort  to  several  as  soon  as  difficuUics  arise,  it  being  more  easy 
lo  become  expert  in  the  manipulation  by  the  constant  use  of 
one  method. 

Loewcnberg  *  modifies  the  technique  in  the  lollowing  man. 
ner:  When  the  pharyngeal  extremity  of  the  catheter  is  felt  to 
impinge  upon  the  posterior  wall  of  the  naso-pharynx  the  in. 
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slnirncnt  ts  rotated  upon  its  long  axis  so  that  the  guide  ring 
shall  be  directed  toward  the  opposite  ear;  the  catheter  is 
then  drawn  forward  until  its  concavity  is  felt  to  engag^c  the 
posterior  margin  of  the  nasal  septum  :  it  is  then  rotated 
downward  through  an  angle  of  one  hundred  and  eighty 
degrees,  until  the  guide  puinls  toward  the  ear  to  be  inflated, 
while  at  the  same  time  the  catheter  is  carried  toward  this 
side. 

According  lo  the  writer  quoted,  when  rotation  has  been 
completed,  the  beak  of  the  instrument  will  be  found  to  lie  in 


Fig.  so.— a  MClion  made  in  ihc  same  manner  as  ihil  shown  in  Fig.  w,  Rhowinc  ihv 
ci^nforriiaiion  of  ihc  parts  in  i  child  of  five  yean.  The  pliarynecBl  vnuU  i^  lillctl 
wiih  adenoid  vcKcisiioDS  aii«l  ihc  lubal  oriDce  b  Icsa  marLccrutd  tics  foriha 
foTwanl  ihah  in  ihe  adulL    (Author's  spcciincn.l 

the  mouth  of  the  Eustachian  channel.  The  prolonged  manipu- 
lation is  rather  prone,  in  my  experience,  lo  cause  a  contraction 
of  the  muscles  of  the  soft  palate,  and  therefore  constitutes  a 
source  of  discomfort  to  the  patient.  The  variations  in  the  ex- 
act position  of  the  tubal  orihce  and  in  Ihc  transverse  diameter 
of  the  naso-pharynx,  detract  much  from  the  special  value  of 
this  method.  The  same  technique  had  previously  been  advo- 
cated by  Frank.*     Boyerf  prefers  to  rotate  the  insirumciit 


*  Lehrb.  ilcr  Ohmn..  184;.  p.  101. 

f  Aniial.  id  rnaL  dc  l*orciUe,  1S77,  *'*'•  >>>•  P-  ^ 
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Fic.  51. — A  MClion  through  the  nasal  pasucci  and 
naso-filiarynx  In  an  infjinti  tliowinc  ihe  tuiTiinatcd 
bodlc»  Mid  tnb&l  vrificc     Th<-  lipt  of  the  lube  a.ic 


upon  Its  long  axis,  as  soon  as  the  lip  passes  the  choana;,  as 
recognized  by  the  diminished  sensation  ol  resistance  to  the 
entrance  of  the  instrument,  until  its  extremity  points  to  the 
affected   side.       Its 
exact  insertion   into  '  ^1 

the  tubal  orifice  is 
effected  by  pressing 
the  beak  outward 
toward  the  later. 
al  pharyngeal  wall. 
This  method  is  oc- 
casionally o(  service 
when  the  parts  are 
irrilable.and  the  op- 
erator knows,  (rom 
previousexperience, 
the  exact  location  of 
the  tubal  opening. 

Triquct  *  ioliows 
almost  the  same  plan, 
but  rotates  the  cath- 
eter bclorc  it  leaves  the  inferior  meatus,  so  that  it  may  be  arrest. 
ed  by  the  tubal  prominence  as  it  is  pushed  farther  backward. 

Wolff  t  and  Gruber}  advise  that  after  the  instrument, 
with  the  pharyngeal  extremity  directed  downward,  has  been 
passed  through  the  inferior  meatus  until  Ihe  pharyngeal  wall 
is  reached,  it  shall  be  drawn  forward  until  it  is  arrested  by 
the  soft  palate;  it  is  then  advanced  slightly  toward  Ihe  pos- 
tenor  pharyngeal  wall,  after  which  the  angular  portion  is 
rotated  toward  the  car  to  be  inflated,  causing  the  extremity 
to  enter  the  tubal  moutli. 

Kramer*  suggests  that  use  be  miKlc  of  the  reflex  contrac- 
tion of  the  soft  palate,  which  is  excited  by  the  presence  of  the 
catheter,  to  cause  the  instrument  to  assume  its  correct  posi- 
tion inthctutial  mouth.  Ilaving  carried  the  catheter  hack  ward 
to  the  posterior  wall  of  the  naso-pharynx.  it  is  drawn  forward 
over  the  prominent  posterior  lip  until  it  impinges  upon  the 
soft  palate-    This  manipulation  is  followed  by  a  contraction 


poorly  ilcfiricJ.     A  similar  condition  ii  frcquenlty 
ni«i  wllh  in  advanceJ  hit.     (Auilior'i  ipccimen.) 


*  Tnil^  prati<ine  det  mal.  de  t'oKiU«,  1857. 

f  Lcnckt's  llamni.  dcr  Ohmilicilh..  vat.  Hi.  p.  3s8. 
t  l-ehrlv  iIm  Ohfcnheilk,  Viciiiio,  1S88,  [i.  303. 

*  Obrenltrinkheit.,  1836,  p.  14S. 
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of  the  palatal  muscles,  which  forces  the  instrument  upward. 
At  this  instant  it  is  quickly  roialed  toward  the  affected  side, 
the  contrjtcti'in  of  thv  [lalatc  cniwrling  il  into  the  tubal  orifice. 

It  will  be  seen  that  in  all  of  these  methods,  with  the  ex- 
ception of  Frank's,  the  technique  of  introduction  is  but 
slightl}'  modified  from  that  first  tlcscril)cd.  and  that  the  facil- 
ity with  which  the  operation  can  be  performed  will  depend, 
greatly  upon  the  ability  of  the  operator  to  recognize  the 
viirious  structures  which  the  pharyngeal  extremity  impinges 
upon,  after  the  instrument  has  entered  the  nasopharynx. 

Obstacles  to  Catheterization.— Certain  difficuUtes  depend- 
ing^ upon  anatomical  characteristics  peculiar  to  any  given 
case  may  be  encountered  in  attempting  to  perform  catheter, 
izaliun.  The  must  frequent  obstacle  is  a  considerable  de- 
formity of  the  septum  narium,  caus.ing  a  partial  occlusion 
of  the  inferior  meatus.  Since  the  introduction  o(  cocaine, 
catheterization  has  become  much  more  simple,  as  the  ex- 
sanguinaiiim  of  the  turbinated  tissues  increases  the  dimen- 
sions of  the  cavity  materially,  while  at  the  same  time,  on 
account  of  its  anscsthctic  properties,  prolonged  manipula- 
tion is  ]iossibIe,  Before  attempting  to  introduce  the  Eus- 
tachian catheter,  it  is  always  wise  to  make  a  careful  ante- 
rior rhinoscopic  examination,  to  determine  the  presence  and 
nature  of  any  obstruction.  If  a  considerable  obstructive 
lesion  exists,  the  catheter  may  be  introduced  under  direct 
inspection,  the  parts  being  illuminated  by  reflected  light, 
and  the  eye  directing  the  various  movements  of  the  instru- 
ment until  it  has  entered  the  naso-pharynx.  A  ridge  ujion 
the  septum,  which  extends  horizontally  toward  the  outer 
wall  of  the  cavity,  is  perhaps  the  most  perplexing  condition 
found.  The  curve  of  the  catheter  must  be  such  that  it  may 
traverse  the  inferior  meatus  beneath  the  obstructing  ridge; 
herein  lies  the  advantage  of  a  pure  silver  catheter,  since 
it  is  a  simple  matter  to  change  the  curve  of  the  instrument 
to  suit  the  particular  condition  encountered  in  any  case. 
It  is  not  alw.ays  possible  to  introduce  the  instrument  with 
the  curved  extremity  pointing  downward,  when  a  prominent 
ridge  or  excrescence  presents  anteriorly,  and  it  is  often  ad- 
visable in  such  cases  to  turn  the  tip  of  the  catheter  to  one  or 
the  other  side,  effecting  its  introduction  intt>  the  cavity  in  the 
oblique  diameter  rather  than  in  the  vertical.  Ag.iin,  when 
there  is  a  prominent  ridge  at  the  very  entrance  of  the  vcsti- 
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bulc,  and  the  passage  beyond  is  obstnictcd  as  well,  it  may  be 
necessary  to  enter  the  nasal  cavity  with  the  catheter  so  held 
that  the  concavity  is  directed  upward,  the  convexity  apply- 
ing itscU  to  the  depression  just  within  the  vestibule.  In  such 
a  case,  as  soon  as  the  naso-pharyngeal  space  is  entered,  the 
instrument  should  be  rotated  until  it  has  assumed  the  proper 
position.  This  rotation  should  be  made  toward  the  unaf- 
fected side  to  avoid  touching  the  lateral  pharyngeal  wall. 

It  sometimes  happens  that  the  conformation  of  the  parts 
will  not  allow  the  instrument  to  enter  the  inferior  meatus, 
although  the  middle  meatus  may  be  capacious.  In  such  an 
event,  if  the  catheter  is  so  bent  as  to  increase  the  length  of 
the  angular  portion,  it  is  a  simple  matter  to  pass  it  through 
the  middle  meatus.  abo\'e  the  obstruction,  until  the  pharyn- 
gY:al  wall  is  encountered  ;  after  it  has  passed  into  the  naso- 
pharynx  the  extremity  of  the  instrument  held  in  the  fingers 
is  elevated— a  manipulation  which  will  allow  the  long,  angular 
pari  to  engage  in  the  tubal  mouth  upon  rotation,  although 
the  horizontal  portion  of  the  instrument  lies  at  a  higher  level 
than  the  entrance  of  the  tube.  Naturally,  the  greatest  deli- 
cacy must  he  exercised  in  conducting  this  procedure,  as  from 
the  increased  length  of  the  angular  portion  it  will  be  easy  to 
wound  the  delicate  tissues  of  the  naso-pharynx  in  rotating 
the  instrument  upon  its  long  axis  at  the  moment  when  the 
extremity  is  carried  into  the  mouih  of  the  tube. 

When  one  nasal  passage  is  blocked  sothat  the  introduction 
of  a  catheter  is  impossible,  it  may  be  carried  through  the  pas- 
sage of  the  opposite  side,  as  advised  by  Deleau."  The  curved 
portion  of  the  catheter  must  be  considerably  longer  than 
usual,  and  if  the  vault  of  the  pharynx  is  unusually  wide  the 
procedure  is  not  satisfactory,  as  a  rule.  The  technique  con- 
sists of  carrying  the  instrument  through  the  nasal  passage  of 
the  opposite  side,  the  free  extremity  resting  upon  and  gliding 
along  the  floor  of  the  inferior  meatus.  When  the  posterior 
pharyngeal  wall  is  encountered  the  instrument  is  rotated  so 
that  the  pharyngeal  extremity  points  toward  the  ear  t(»  be  in- 
flated. The  catheter  is  made  to  enter  the  fossa  of  Roscnmil'.ler 
by  carrying  the  extremity  of  the  instrument  held  between  the 
fingers  away  from  the  septum,  until  further  motion  is  pre- 
vented by  the  lateral  pharyngeal  wall.    The  instrument  is  now 


*  Kev.  mU..  iSs?. 
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drawn  outward  for  about  one  fourth  oE  an  inch,  or  until  the 
prominent  posterior  lip  of  the  tube  is  felt ;  it  is  made  to  glide 

/over  this  by  drawing  it  outward, 
while  at  the  same  time  the  outer 
extremity  of  the  instrument  is  ele- 
vated so  as  to  allow  the  angular 
portion  to  pass  over  the  posterior 
lip  of  the  tube  close  to  its  lower 
margin  ;  the  outer  extremity  of  the 
instrument  is  then  carried  avray 
from  the  side  to  be  inflated — a  ma. 
nipulation  which  forces  the  pharyn- 
geal end  into  the  mouth  of  the  Eus- 
tachian tube.  This  method  of  ca- 
theterization is  unsatisfactory  to 
the  surgeon  and  painful  to  the  pa- 
tient,  the  length  of  the  angular  por- 
tion of  the  catheter  making  delicate 
manipulation  an  impossibility,  xihile 
at  the  same  time  it  projects  so  far 
downward  that  when  the  instru- 
ment is  rotated,  considerable  irri- 
tation of  the  pharyngeal  mucous 
membrane  h  produced.  Noyes  has 
devised  a  catheter  (Fig.  52),  the 
pharyngeal  extremity  of  which  is 
bent  at  first  downward  and  then 
upward  and  outward,  which  en- 
ables catheterization  to  be  per- 
formed through  the  opposite  nostril 
t  somewhat  more  easily  than  when 
the  ordinary  Eustachian  catheter  is 
employed.  If  the  operator  uses  the 
silver  catheters,  which,  on  account 
of  their  mallea))i1ity,  can  be  made 
to  assume  any  desired  curve,  it  is 
comparatively  simple  to  convert  an 
ordinary  luistachian  catheter  into 
one  possessing  a  double  curve  by 
bending  it  between  the  fingers.  By 
a  careful  inspection  of  the  nasal  passage  through  which  the 
instrument  is  to  be  introduced,  the  operator  will  be  able  in 
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many  instances  so  to  mold  the  instrument  as  to  render  its 
introduction  comparatively  simple.  By  giving  it  the  double 
curve  already  described  we  overcome  the  necessity  o(  the 
increased  length  of  the  angular  portion,  which  is  always  a 
source  of  discomfort  to  the  patient. 

One  other  method  o(  catheterization  remains  to  be  de- 
scribed — viz.,  the  introduction  of  the  instrument  through  the 
mouth.  This  was  fir"st  advised  by  Kcssel  *  in  cases  in  which 
the  nasal  passages  were  occluded.  Fomcroy  t  in  this  coun- 
try has  been  an  ardent  advocate  of  the  procedure,  and  fre- 
quently employs  it  in  preference  to  the  usual  method.  He 
has  devised  a  special  instrument  which  is  shown  in  Fig.  53. 


FiC.  S3- — Fomerojr't  fuucUl  calhctci. 

As  I  have  had  no  personal  experience  with  this  method,  I  can 
give  no  opinion  as  to  its  utility.  It  is  simply  mentioned  here 
as  an  available  procedure,  which  may  be  employed  at  the  dis- 
cretion o(  the  surgeon. 

Deformities  of  the  nasal  pa.ssages,  however,  are  not  the 
only  obstacles  to  catheterization.  The  exact  location,  form, 
and  prominence  of  the  pharyngeal  extremity  of  the  Eustachian 
lube  varies  not  only  in  different  cases,  but  also  in  the  same 
individual  at  different  times,  according  to  the  degree  of  con- 
gestion of  the  surrounding  parts.  The  position  and  shape  of 
the  pharyngeal  orifices  may  also  be  asymmetrical  in  the  same 
individual.  It  frequently  happens  that  the  tubal  lips  arc  so 
poorly  developed  that  their  recognition  by  the  sense  of  touch 
»  almost  impossible  ;  on  the  other  hand,  they  may  be  so  al>. 
normally  developed  that  difficulty  is  experienced  either  in 
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drawing^  the  instrument  (orward  over  the  posterior  Ijp  or,  in 
some  cases,  even  in  passing  it  backxvard  sufficiently  to  permit 
rotalion.  The  pUarynjjeal  vatill  Is  iicLasinnally  si>  wide  that 
upon  rotation  the  cathett-r  reaches  the  lateral  wall  with  diffi- 
culty. In  such  an  event  the  straight  portion  of  the  cathe- 
ter must  be  crinvded  so  far  toward  llic  nasal  septum  as  lo 
cause  considerable  discomfort  by  pressure  upon  the  intra- 
nasal  structures,  or  the  angular  portion  must  be  so  long  as 
lo  render  the  passage  of  the  instrument  through  the  nasa) 
chamber  difficult,  and  to  render  rotation  almost  impossible. 

Again,  the  mouth  of  the  tube  may  be  located  high  up  in 
the  vault  of  the  pharynx,  and  its  shape  may  be  such  that  the 
catheter  must  be  nitatcd  thnnigh  an  angle  o(  at  least  135', 
or  even  more,  before  its  tip  rests  in  the  mouth  of  the  tube  so 
as  to  permit  of  a  fully  successful  inflation. 

It  is  only  necessary  to  bcarin  mind  ihese  various  obstacles 
in  order  successfully  to  overcome  them.  Delicate  manipula- 
tion will  enable  the  operator  to  recognize  the  posterior  lip  ol 
the  tube  after  a  little  practice,  even  if  it  projects  only  slightly- 
above  the  smooth  lateral  wall  ol  the  pharynx.  Where  the 
pharynx  is  abnormally  wide,  the  curved  portion  of  ihe  instru- 
ment mu.st  be  increased  in  length,  and  if  rotation  can  not  be 
accomplished  in  the  ordinary  way,  the  outer  extremity  ol  the 
catheter  should  be  elevated  as  much  as  possible  to  effect  a 
correspon^ling  depression  of  the  lip  of  the  instrument,  to 
enable  it  to  pass  below  the  tube,  alter  which  rotation  can  be 
performed  easily.  The  timidity  of  the  patient  when  catheter- 
ization is  performed  for  the  first  time  is  another  difficulty  to 
be  mentioned.  This  is  especially  the  case  if  tlic  mucous  mem- 
brane of  the  naso  pharynx  is  irritable,  in  which  event  the  mus- 
cies  frequently  contract  the  niunicnt  the  instrument  enters 
the  cavity,  and  hold  it  so  firmly  in  their  grasp  as  to  prevent 
its  rotation  into  the  mouth  of  the  tube.  Tins  spasm  of  the 
palatal  muscles  causes  the  instrument  to  be  so  firmly  grasped 
that  its  mere  presence  in  the  pharyngeal  vault  is  painful. 
The  slightest  motion  augments  this  pain  and  increases  the 
muscular  rigidity,  so  that  it  is  quite  as  impossible  for  the  oper- 
ator to  withdraw  the  catheter,  as  to  proceed  with  the  opera- 
tion. Occasionally  no  inconvenience  is  experienced  until  ro- 
tation is  attempted,  when  contact  with  the  lateral  wall  of  the 
pharynx  excites  the  act  of  deglutition,  and  the  sudden  mus> 
cular  contraction  displaces  the  catheter  and  crowds  it  against 
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the  lateral  wall  of  the  pharyngeal  space  with  considerable 
(orcc.  If  the  patient  is  directed,  at  the  outset,  to  keep  the 
mouth  closed  and  respire  regularly  and  quietly  through  the 
nostrils,  there  is  much  less  danger  of  such  reflex  muscular 
contraction.  If  as  the  instrument  enters  the  pharynx  the  pa- 
tient shows  an  inclination  to  cough  or  to  swallow,  it  is  well  to 
divert  his  attention  by  requesting  him  to  close  the  lips  and  to 
breathe  quickly  and  deeply  through  the  nose.  Even  an  at- 
tempt to  do  this  will  cause  a  raomentary  relaxation  of  the 
palatal  nouscles,  and  during  the  interval  the  introduction  of 
the  instrument  can  usually  be  effected.  If  reflex  contraction 
of  the  muscles  takes  place  in  spite  of  all  precautions,  tlic  in. 
sirumcnt  should  be  held  perfectly  still  during  the  period  of 
muscular  spasm,  as  any  attempt  to  withdraw  or  advance  it 
adds  seriously  to  the  discomfort.  Relaxation  is  sure  to  take 
place  in  a  few  seconds,  and  then  the  instrument  can  be  carried 
to  the  proper  position  or  removed,  as  seems  desirable,  Ke- 
flex cough  occurring  during  the  act  of  catheterization  should 
be  managed  in  the  same  manner.  It  is  to  be  remembered  that 
when  the  instrument  is  once  in  position,  coughing,  swallow- 
ing, or  any  other  muscular  movement  does  not  interfere  with 
it  in  the  slightest,  and  when  correctly  placed  its  presence 
causes  no  discomfort. 

It  occasionally  happens  that,  by  mistake,  the  catheter  is 
passed  through  the  middle  meatus  instead  of  through  the  in- 
crior  channel.  This  need  never  occur  accidentally  if  the 
licad  of  the  patient  is  maintained  in  a  slightly  flexed  position. 
The  almost  irresistible  impulse  on  the  part  of  the  patient  to  ex- 
tend the  neck  causes  the  instrument  to  enter  the  middle  me- 
atus, even  when  it  is  passed  horizontally  inward-  With  the 
head  bent  slightly  forward  this  can  not  occur.  It  must  be 
borne  In  mind,  in  conclusion,  after  discussing  the  principal 
difficulties  met  with,  and  suggesting  measures  to  avoid  and 
overcome  them,  that  the  utmost  gentleness  must  be  exercised 
throughout  the  entire  performance  of  the  operation'.  The 
catheter  shotild  be  allowed  to  find  its  way  into  the  pharyngeal 
vault,  and  should  be  allowed  to  rotate  one  way  or  the  other, 
may  seem  necessary  to  avoid  obstacles.  It  is  only  ncccs- 
ry  for  the  operator  to  prevent  its  passage  into  the  middle 
meatus.  When  the  nasal  channel  is  extremely  irregular  com- 
plete rotation  about  the  long  axis  of  the  catheter  frequently 
occurs  during  its  course  from  the  anterior  to  the  posterior 
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nasal  opening-.  The  slightest  pressure  is  sufficient  to  advance 
it  when  projjcrly  directed,  and  no  knee  should  be  used.  A 
hemorrhage  following;  catheterization  is  a  reproach  to  the 
operator  in  every  instance.  It  is  true  that  an  occasional  abra- 
sion of  the  nasal  m  ncous  membrane  occurs  at  the  hands  of  the 
most  careful  manipulator,  but  one  should  always  leel  that 
there  is  no  excuse  lor  the  accident.  It  is  a  procedure  in 
which  gentleness  and  care  should  be  combined  with  skill,  and 
he  who  can  not  exercise  these  is  incompetent  to  carry  out  the 
operation. 

As  to  the  use  of  cocaine  for  the  production  of  local  anxs 
Ihcsia,  it  may  be  said  that  since  the  dnig  has  come  into  com- 
mon use,  it  is  frequently  employed  for  this  purpose  in  cathe- 
terizatinn.  It  certainly  diminishes  the  discomfort  attending 
the  passage  of  the  instrument  through  the  nose,  if  the  channel 
is  irregular  or  niLrrow,  and  at  the  same  lime  by  shrinking  the 
turbinated  bodies  increases  the  width  of  the  nasal  passage. 
it  may  be  staled,  however,  that  under  normal  coiidilittns  the 
inferior  meatus  is  not  sensitive  to  the  presence  of  the  instru- 
ment, and  observations  upon  quite  a  large  number  of  cases 
in  reference  to  this  point  have  convinced  me  that  quite  as 
much  discomfort  follows  catheterization  when  local  an^s- 
thcsia  is  employed,  as  when  no  cocaine  is  used.  In  many,  the 
disagreeable  sensation  as  of  a  foreign  body  in  the  pharynx, 
due  to  the  drug,  constitutes  a  much  greater  source  of  dis- 
comfort than  that  produced  by  the  introduction  of  the  instru- 
ment without  local  anicstlicsia.  No  objections  can  be  raised 
to  the  use  of  cocaine,  however,  and  it  is  always  wise  to  em- 
ploy it  in  cases  where  the  nasal  passages  arc  so  tortuous  as 
to  necessitate  rather  prolonged  manipulation.  Moreover,  the 
knowledge  on  the  pact  of  the  patient  that  the  drug  has  been 
used,  certainly  produces  a  profound  mental  impression,  and 
relieves  any  anxiety  as  to  the  discomfort  to  be  endured.  The 
drug  is  best  applied  in  a  tcn-pcr-cent  solution,  a  small  quan. 
tity  being  first  sprayed  into  the  nostril  by  means  of  an  ordi- 
nary hand-ball  atomizer.  A  few  moments  suffice  to  secure 
contraction  of  the  turbinated  tissues,  during  which  time  it  is 
well  to  have  the  head  inclined  a  little  forward  to  prevent  the 
passage  of  the  solution  into  the  pharyngeal  vault.  Next,  a 
cotton  holder,  mounted  with  a  small  pledget  of  cotton  mois- 
tened with  the  same  solution,  is  to  be  passed  through  the  in- 
ferior meatus,  along  the  course  to  be  traversed  by  the  catbe- 
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tcr.  the  manipulation  being  conducted  under  illumination 
from  the  head  mirrur.  The  apjilicator  shuiild  not  be  carried 
beyond  the  choana;  if  the  unpleasant  sensation  of  fuMncss  in 
the  pharynx  which  the  drug  causes  is  to  be  avoided.  ]( 
there  is  reason  to  suspect  that  the  naso-pharynx  will  be  un- 
usually irritable— a  condition  with  which  we  frequently  tncet 
in  cases  of  acute  iia5t>.ptiarynj;jlis— it  is  well  to  anesthetize 
llic  mouth  of  the  tube  as  well  as  the  nasal  passages.  This  is 
done  by  means  of  the  cotton-lipped  probe,  the  extremity  of 
which  is  bent  to  correspond  to  the  curve  of  the  catheter. 
Under  inspection,  this  instrument  is  to  be  passed  through  the 
nasal  passage  exactly  as  the  catheter  would  he  iniroduced, 
care  being  taken  that  the  patient's  mouth  is  clnsc-d,  and  ijuict 
nasal  rcs|>iralion  continued.  The  same  luanipulalicm  cm- 
ployed  in  the  iiilroductiun  of  the  cathctcr'cnablcs  the  collrm- 
lipped  probe  to  be  inserted  into  the  orifice  of  the  Eustachian 
cunal,  care  being  taken  that  the  pledfjet  is  not  saturated  with 
the  solution,  as  otherwise  a  considerable  tjuanliiy  will  be 
spread  over  the  pharyngeal  mucosa.  When  the  orifice  nf 
the  lube  is  reached,  the  applicator  is  allowed  to  remain  in 
tliis  prrsition  for  a  few  seconds  to  ablate  completely  the  sensi- 
tiveness of  the  mucous  mcmbninc ;  catheterization  {$  now 
easily  performed.  In  addition  to  securing  local  anesthesia 
by  the  introduction  of  the  cotton  pledget  in  ihc  manner  al- 
ready described,  the  operat«>r  accomplishes  another  purpose, 
.since  he  cleanses  the  orifice  of  the  tube  and  removes  any  in- 
spissated secretion  which  may  be  present,  and  which  would 
be  an  obstruction  to  successlul  inflation. 

The  Dangers  of  Catheterization. — From  the  fact  that 
three  deatlis  have  f()llowe<l  the  procedure  it  is  looked  upon 
tiy  those  unacquainted  with  the  operation  with  a  certain  de- 
frreeol  perturbaliorj.  Inflation  in  these  fatal  cases  was  i>er- 
furmed  by  means  of  compressed  air.  the  degree  ol  condensa- 
tion being  extreme.  This  mclhod.  as  already  stated,  is  seldom 
used  at  present,  and  it  is  safe  to  say  that  no  damage  can  be 
done  with  any  form  of  hand  apparatus  devised  lor  the  purpose 
o(  inflating  the  middle  ear  through  a  catheter. 

Death  in  these  cases  was  prcrbably  caused  by  suffocation 
(rom  submucous  emphysema,  due  to  the  air  having  been 
forced  beneath  ihc  mucous  membrane,  the  surface  of  which 
had  been  abraded  by  the  extremity  of  the  catheter.  The  oc. 
currcnce  of  emphysema  need  not  of  necessity  be  followed  by 
10 
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serious  results,  although  the  symptoms  which  supervene  are 
always  alarming  to  the  patient,  and  may  be  disturbing  to  the 
operator.  When  this  accident  occurs,  the  air  may  either  be 
absorbed  spontaneously,  or,  ii  the  emphysematous  area  is  ex- 
tensive, the  condition  may  demand  relief  by  surgical  interfer- 
ence. Puncture  of  the  tissues  suffices  to  evacuate  the  air  and 
to  relieve  the  symptoms  at  once.  It  should  be  stated,  how- 
ever, that  if  even  ordinary  care  is  used  in  catheterization,  em- 
physema will  never  be  produced,  and  one  who  can  not  intro- 
duce the  Biistachian  catheter  without  abrading  the  mucous 
membrane  of  the  naso-pharynx  had  better  not  introduce  it  at 
all.  The  only  possible  excuse  for  the  accident  would  be  cathe- 
terization immediately  after  the  introduction  of  the  Eustachian 
bougie ;  therefore  it  should  be  the  invariable  rule  never  to  in- 
flate the  middle  car  at  once  after  the  passage  of  such  an  in- 
strument. I 

Occasionally,  inflation  of  the  tympanum,  either  by  Polit- 
zer's  method  or  by  the  iiitroducticm  of  the  ciilhcter,  is  followed 
by  immediate  dizziness,  due  to  the  sudden  disturbance  of  laby- 
rinthine  pressure.  No  judgment  can  be  formed  beforehand 
concerning  the  likeliluxxl  of  this  occurrence.  It  is  always 
well  when  the  procedure  is  conducted  for  the  first  time  to 
begin  the  inflation  very  gently,  allowing  but  Hlllc  air  to  enter 
the  tympanum  at  Brst,  and  gradually  increasing  the  strength 
of  the  current  if  unpleasant  symptoms  do  not  supervene. 
The  dizziness,  which  is  sometimes  so  severe  that  the  patient 
falls  from  the  chair  and  becomes  unconscious  for  a  moment,  is 
terrifying,  but  not  dangerous.  Where  the  membrana  tym- 
pani  is  very  thin,  either  as  a  result  of  a  previous  inflammatory 
process  with  the  subsequent  formation  of  cicatricial  tissue,  or 
from  atrophic  changes,  a  forcible  inflation  may  rupture  it.  It 
follows,  therefore,  that  the  use  of  Pulitzer's  method  or  cathe- 
terization should  be  preceded  by  an  inspection  of  the  drum 
membrane. 

The  Comparative  Value  of  Politzerization  and  Catheter- 
ization.—Having  now  considered  these  two  methods  of  forc- 
ing a  current  of  air  through  the  Eustachian  tubes  and  into  the 
middle  car,  a  few  words  as  to  their  relative  value  may  not  be 
out  of  place.  As  a  means  of  diagnosis,  inflation  by  the  catheter 
is  always  preferable,  as  it  enables  the  surgeon  to  estimate  the 
force  necessary  to  propel  the  air  through  the  canal,  to  observe 
the  effect  upon  the  auscultation  sounds. resulting  from  varia- 
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tions  in  the  strength  of  the  air  current,  and  to  repeat  the  ex- 
periment as  often  as  he  may  desire.  Morcnvtir,  success  or 
failure  in  acccimplishing  the  end  lies  entirely  in  the  hands  of 
ihc  operator  if  the  catheter  is  employed,  while  when  the  air 
bag  is  used  by  PoHtrcr's  method,  the  success  or  failure  lies 
quite  as  much  with  the  patient  as  with  the  surgeon,  as  it  de- 
pends upon  his  ability  completely  to  close  the  naso.pharyn- 
gcai  space  by  elevation  of  the  soft  palate. 

In  the  adult  the  auscultatory  sounds  are  so  weak  when  I'o- 
litzcr's  method  is  used  that  very  little  information  is  gained 
by  using  the  diagnosis  tube.  In  children  under  twelve  years 
of  age,  however,  the  Kustachian  canal  is  quite  short,  and  its 
calibre  comparatively  Inrge  in  proportion  to  its  length.  At 
this  age  catheterization  is  somewhat  difficult,  while  the  air  bag 
fitted  with  a  proper  nose  piece  usiially  opens  the  tube  per- 
fectly, and  the  sounds  produced  within  the  tympanum  are  suf- 
ficiently strong  to  be  perceived  through  the  diagnosis  tube. 

As  a  diagnostic  measure,  iheu.  I'olilzer'.s  method  should 
be  used  in  young  children  and  in  those  cases  where  the  nasal 
passages  arc  obstructed  to  such  an  extent  that  the  introduc- 
tion of  the  catheter  is  well-nigh  impossible. 

As  a  therapeutic  measure  the  catheter  is  decidedly  supc* 
rior  10  Poiitzcr's  method,  allowing  as  it  docs  the  inflation  of 
cither  ear  without  disturbing  the  organ  of  the  opposite  side 
and  permitting  the  application  of  various  medicated  vapors 
directly  to  the  membrane  of  the  lube  and  tympanum,  without 
bringing  them  in  contact  with  the  mucous  membrane  of  the 
n.-is;il  cavity. 

When  Politzeration  must  be  employed  from  necessity,  the 
action  of  the  air  may  be  confined  to  one  car  by  the  insertion 
o(  the  finger  into  the  opposite  meatus,  thus  compressing  the 
air  in  the  canal  and  rendering  any  appreciable  outward  dis- 
placement of  the  membrana  tympani  impossible.  The  ad. 
vantage  o(  catheterization,  mentioned  in  comparing  the  two 
methods  for  diagnostic  purposes,  holds  good  in  this  connec- 
tion as  well — ihat  catheter  inflation  allows  an  exact  gradua- 
tion of  the  force  employed,  the  bulb  being  pressed  more  or 
less  strongly  as  indicated  by  the  freedom  with  which  the 
air  passes  into  the  middle  ear.  The  objection  so  frequently 
raised  against  caiheteri;(aiion — that  the  instrument  inflicts  a 
certain  amount  of  traumatism  on  the  structures  against  which 
it  impinges— need  scarcely  be  mentioned.     It  is  quite  true 
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that  harsh  catheterization  always  does  more  damage  than 
good,  but  harsh  catht-ltfrization  is  nrver  to  be  employed,  for, 
as  before  stated,  the  exercise  of  care  will  enable  even  the  be- 
ginner to  introduce  the  instrument  without  infliciing  any  in- 
jury, even  if  he  is  not  successful  in  directing  the  instrument 
into  the  pharyngeal  orifice  of  the  tube. 

The  Examination  of  the  Nose,  Naso-pharynx,  and  Phar- 
ynx.—Under  no  circumstances  should  the  surgeon  consider 
his  pliysical  examination  complete  until  he  has  inspected  the 
regions  above  mentioned  which,  by  their  anatomical  position, 
exert  a  powerful  influence  upon  the  ear  both  in  health  and  in 
disease. 

As  the  mucous  membrane  lining  the  nasal  cavities  and  the 
naso-pharyngcal  space  is  continuous  with  that  lining  the  mid- 
dle ear,  an  intimate  relation  exists  between  the  nerve  and 
blood  supply  of  the  two  regions,  rendering  the  car  particu- 
larly susceptible  to  reflex  disturbances  depending  upon  some 
intranasal  exciting  cause,  as  well  as  to  circulatory  changes 
from  alterations  in  the  bloud  and  lymph  current  within  cither 
the  nasal  chambers  or  the  pharyngeal  vault.  After  a  satis- 
factory otoscopic  examination  has  been  made,  the  next  step 
should  be  to  inspect  the  oral  cavity  by  means  of  reflected 
h'ght,  observing  the  condition  of  the  mucous  membrane  in 
the  mouth;  the  presence  of  carious  teeth  ;  the  appearance  of 
ihe  posterior  pharyngeal  wall,  whether  it  is  dry  or  moist; 
whether  it  presents  the  smooth,  velvety  appearance  of  a  nor- 
mal mucous  membrane,  or  is  studded  here  and  there  with 
irregular  elevations,  indicative  of  the  presence  oE  small  lymph 
nodules  just  beneath  its  superficial  epithelial  layer  [n  this 
connection  attention  need  scarcely  be  called  to  the  importance 
ol  observing  tli»>se  two  large  masses  of  lymphoid  tissue  situ- 
ated between  (he  pillans  of  the  fauces — that  is,  the  faucial  ton- 
sils. Under  normal  conditions  the  tonsils  do  not  project  be- 
yond the  faucial  pillars,  and  special  effort  must  be  made  to  see 
them  in  a  condition  of  perfect  health,  by  crowding  the  ante- 
rior faucial  pillar  .igainst  the  lateral  wall  of  the  pharynx,  or 
turning  the  head  o[  the  patient  first  to  one  side  and  then  to 
the  other,  to  permit  the  observer  to  look  obliquely  acroiss  the 
cavity  of  the  mniiih,  in  or<lfr  that  they  may  be  brought  into 
view.  Any  projection  of  these  bodies  beyond  the  pillars  of 
the  fauces  constitutes  an  abnormity. 

The  vault  of  the  pharynx  next  demands  investigation.    In 
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very  younp  children  posterior  rhinoscopy  is  impossible,  and 
here  resort  may  be  had  to  digital  examination.  In  this  pro- 
cedure the  mouth  of  the  patient  should  be  held  open  by  a  cork 
inserted  far  back  between  the  jaws,  or  better  by  the  use  of  a 
mouth  gaff.  The  index  iin^cr,  with  the  palmar  surface  down- 
ward, should  then  be  introduced  into  the  opposite  angle  of  the 
mouth.  It  should  then  be  passed  rapidly  along  the  dorsum 
of  the  tongue  until  it  meets  the  posterior  pharyngeal  vaU, 
when,  by  quickly  turning  the  palmar  surface  upward,  it  is 
passed  behind  the  soft  palate  into  the  naso-pharyngcal  space, 
the  palate  yielding  readily  to  gentle  but  firm  traction.  By 
drawing  the  finger  forward  the  nasal  septum  should  now  be 
recognized  and  followed  upward  until  the  roof  of  the  cavity 
is  felt.  The  sensation  imparted  to  the  examining  digit  should 
be  obsen-ed:  whether  the  membrane  is  soft  and  spongy,  in- 
dicative of  the  presence  of  an  abnormal  amount  of  lymphatic 
tissue,  or  whether  it  differs  but  little  from  the  sensation  im- 
parted by  the  mucous  membrane  covering  the  posterior  wall 
of  the  oro-phar3*nx.  These  facis  having  been  determined,  Ihc 
tip  of  the  finger  is  turned  first  to  one  side  and  then  to  the 
other,  and  easily  appreciates  the  Eustachian  prominences. 
after  which  it  is  withdrawn  ;  by  sweeping  along  the  jiosterior 
wall  of  the  nnso-pharynx  in  making  its  exit,  the  presence  of 
any  abnormal  amount  of  lymphoid  tissue  in  this  location  is 
determined. 

The  presence  o(  adenoid  tissue  in  the  vault  of  the  pharynx 
affects  the  car  in  two  ways.  If  the  mass  is  large,  by  direct 
pressure  upon  the  Eustachian  orifice  the  supply  of  air  in 
the  tympanic  cavity  may  be  disturbed.  This  fact  wilt  be  ap- 
preciated by  reference  to  Fig.  50.  It  is  evident  that  the  en- 
larged pharyngeal  tonsil,  seen  in  this  drawing,  lies  so  closely 
to  the  posterior  lip  of  the  tube  that  any  increase  in  volume 
would  interfere  with  the  patency  of  the  canal.  Any  slight  in- 
crease in  volume  of  the  mass  will  close  the  lumen  of  the  tube, 
after  which  the  intratympanic  air  is  gradually  absorbed  by 
the  blood  which  circulates  through  vessels  in  the  walls  of 
the  cavity.  With  each  act  ol  swallowing,  at  which  time  the 
tube  opens  momentarily,  the  air  is  aspirated  into  the  naso- 
pharynx, the  tube  closing  so  quickly  that  the  pa.ssage  of  air 
into  the  tympanum  does  not  take  place.  In  this  manner  a 
passive  congestion  of  the  mucous  membrane  of  the  middle 
car  is  produced,  a  condition  which  constitutes  practically  the 
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Brst  stage  of  an  inflammation,  and,  if  long  continued,  results 

in  permanent  tissue  changes. 

1  am  inclined  to  think  the  more  important  manner  in 
which  adenoid  growths,  especially  those  of  moderate  size, 
affect  the  organ  of  hearing  is  by  the  obstruction  to  the  ve- 
nous return  current  from  the  tympanum  and  labyrinth-  It 
must  not  be  forgotten  that  the  pharyngeal  tonsil  constitutes 
nothing  more  than  a  lymphatic  gland,  and,  in  virtue  of  its 
presence,  may  exert  sufficient  pressure  to  partially  obstruct 
the  venous  flow  from  the  tympanic  cavity.  Any  condition 
which  aRccts,  for  a  considerable  period,  the  circulation  within 
the  middle  ear,  will  also  cause  a  disturbance  of  the  labyrin- 
thine circulation  from  an  alteration  in  the  tension  of  the  fluid 
contained.  Such  changes  in  the  labyrinth,  however  slight, 
render  this  portion  of  the  economy  particularly  susceptible  to 
inflammation,  either  as  the  result  of  infection  or  of  mechan- 
ical irritation,  the  most  fruitful  source  of  the  latter  being  the 
crowding  inward  of  the  ossicular  chain  by  atmospheric  pres- 
sure, when  the  tension  of  the  air  within  the  tympanum  is  re- 
duced. Evidence  is  not  wanting,  from  a  clinical  point  of 
view,  that  even  in  very  early  life  the  labyrinth  may  be  af- 
fected by  the  presence  of  growths  of  this  kind.  Wc  not  un- 
commonly find  instances  of  tubal  catarrh  in  children  in  whom 
these  growths  arc  present ;  instead  of  presenting,  upon  func- 
tional examination,  the  reactions  characteristic  of  the  affec- 
tion, these  cases  show  a  diminution  of  bone  conduction,  and 
sometimes  a  hyperxslhetic  condition  of  the  .auditory  nerve, 
bnth  of  which  phenomcn.i  indicate  :m  irritative  lesion  of  the 
labyrinth.  In  very  young  children  it  is  of  the  utmost  impor- 
tance to  determine  the  presence  or  absence  of  a  growth  of 
this  kind,  even  where  the  history  seems  to  show  that  the  child 
is  entirely  deaf,  (or.  as  articulate  speech  is  acquired  simply 
by  imitation,  an  impairment  of  audition  which  in  an  adult  or 
in  a  child  of  a  few  years  of  age  womld  be  practically  insig- 
nificant, in  a  child  so  young  that  the  function  of  audition  has 
never  been  exercised,  may  give  rise  to  all  the  symptoms  usu- 
ally found  in  a  deaf-mute. 

The  oro-pharynx  and  the  pharyngeal  vault  having  been 
examined  in  the  manner  stated,  attention  should  next  be  di- 
rected to  the  anterior  nares.  The  nasal  cavity  should  be 
inspected  by  anterior  rhinoscopy,  the  tip  of  the  nose  being 
tilted  up  by  means  of  the  thumb  of  the  left  hand,  the  fingers 
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Flc.  54-— IlMwoflh's  nasal 

iipc-culum. 


of  the  hand  resting  upon  the  forehead  for  support,  while  the 
nasal  orifice  is  dilated  gently  with  a  self-retaining  speculum 
(Fig.  54).  The  patient's  head  should  be  Hexed  slightly  for- 
ward, in  such  a  position  that  the  floor  of  the  nasal  cavity  will 
be  nearly  horizontal.  When  the  light  from  the  head  mirror 
isdirccted  into  the  cavity 
the  observer  inspects  first 
the  inferior  meatus,  and 
remarks  if  any  deformity 
of  the  septum  is  present, 
determining  its  extent,  na- 
ture, and  location,  as  well 
as  the  size,  shape,  and  color,  of  the  inferior  turbinated  body ; 
whether  it  is  turgescent  and  occludes  the  inferior  meatus  to  a 
considerable  extent,  or  whether  its  mucous  membrane  is  of 
the  normal  light  rosy  tint,  and  its  rich  venous  plexuses  are 
not  abnormally  engorged.  Under  normal  conditions,  where 
no  deformity  of  the  septum  exists  and  tlic  turbinated  tissue  is 
not  swollen,  the  observer  can  readily  sec  the  posterior  wall  of 
the  naso-pharynx  by  anterior  rhinoscopy,  and,  in  fact,  the  au- 
thor has  found  this  one  of  the  most  simple  methods  of  deter- 
mining the  presence  of  hypcrtrophicd  lymphatic  tissue  in  this 
region.  This  portion  of  the  examination  is  rendered  more 
complete  if  a  weak  solution  of  cocaine  is  sprayed  into  the  an- 
terior nares,  before  an  attempt  is  made  to  inspect  the  naso- 
pharynx in  this  manner.  The  anxthesia  this  produces  renders 
it  the  simplest  possible  procedure  to  add  to  our  information 
by  touching  the  various  parts  untler  inspection  with  a  cotton- 
tipped  probe  passed  through  the  anterior  nares.  The  inspec- 
tion of  the  lower  meatus  and  naso-pharynx  having  been  com- 
pleted, the  head  is  now  tilted  backward,  and  the  observer  di- 
rects his  attention  to  the  upper  part  of  the  nasal  chamber.  In 
the  antenor  portion  the  eye  recognizes  readily  the  tip  ol  the 
middle  turbinated  body,  which,  normally,  is  of  a  somewhat 
lighter  color  than  the  lower  turbinate  and  less  freely  supplied 
with  venous  channels,  for  which  reason  its  mucous  membrane 
seems  to  be  more  closely  applied  to  the  bony  framework,  the 
entire  structure  projecting  less  into  the  lumen  o!  the  passage 
than  does  the  inferior  turbinate.  Any  deviation  from  this 
normal  appearance  should  be  carefully  noted  as  constituting 
a  source  of  obstruction  to  nasal  respiration.  !t  should  be  re- 
membered that  the  furrow  or  hiatus  beneath  the  middle  tur- 
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binatcd  body  contains  the  opcnio]^  of  the  frontal,  anterior. 
ethmoidal,  and  mavillary  sinuses:  consequently  it  should  be 
inspected  with  special  care  for  the  prtsence  of  a  purulent  dis- 
charge which,  when  lying  here,  is  almost  pathognomonic  of 
an  inflammation  of  one  of  these  accessory  cavities.  This  also 
is  the  region  from  which  nasal  polypi  most  frequently  take 
their  origin,  and  the  possible  presence  of  these  growths  must 
always  be  borne  in  mind  during  this  stage  of  the  examination. 

We  have  spoken  only  of  the  hypertrophic  condition,  since 
this  is  the  lesion  usually  presented  in  cases  which  come  under 
the  observation  of  the  otologist.  It  must  be  remembered,  how- 
ever, that  precisely  the  opposite  state  of  affairs  may  constitute 
a  morbid  condition — that  is,  instead  of  an  hypertrophy  of  the 
lining  membrane,  this  may  be  abnormallj'  thin,  the  turbinated 
bodies  lying  close  to  the  outer  wall  of  the  passage  and  project- 
ing but  little  into  the  lumen.  When  the  condition  is  extremely 
well  marked,  they  are  discernible  with  some  difficulty.  Under 
these  circumstances  the  raucous  membrane,  instead  of  being 
moist,  has  a  dry,  glazed  appearance,  while  in  the  sulci  be- 
tween or  beneath  the  turbinated  bodies,  large  grecnish-ycllowr 
crusts  are  seen.  These  result  from  the  inspissation  of  the  nasal 
secretion,  which,  owing  to  the  atrophy  of  the  lining  mem* 
brane,  is  wanting  in  fluidity.  The  nasopharynx  also,  instead 
of  showing  the  presence  of  lymphatic  tissue,  may  appear 
glazed,  and  may  be  covered,  to  a  greater  or  less  extent,  with 
a  thick,  tough  mucus,  usually  in  the  form  of  a  scale  or  shell, 
which  spreads  irregularly  in  all  directions  from  the  median 
line.  This  naso-pharyngeal  condition  is  seldom  found  before 
the  age  of  twenty,  and  is  usually  due  to  retrograde  changes  in 
the  lymphoid  tissue  of  the  region,  which  in  early  life  had  un- 
doubtedly  been  moderately  but  not  excessively  hypertrophied. 
Instead  of  disappearing  completely  after  the  age  of  puberty, 
as  is  often  the  case,  interference  with  this  retrograde  process 
occurred  for  sonic  reason,  with  the  result  that  the  fibrous 
elements  of  the  pharyngeal  tonsil  persisted  and  increased  in 
density,  while  the  cellular  elements  disappeared.  This  local 
condition  constitutes  the  lesion  in  the  cases  of  so-called  naso- 
pharyngeal catarrh,  or  chronic  naso- pharyngitis.  The  ap- 
pearance described  can  be  recognized  both  by  the  anterior 
rhinoscopic  examination,  and  by  posterior  rhinoscopy  as  well 

By  posterior  rhinoscopy  we  arc  enabled  to  obtain  a  view 
of  those  structures  which  are  hidden  from  direct  inspection 
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by  the  curtain  of  the  soft  palate.  This  is  accomplished  by 
means  of  a  mirror  introduced  into  the  mouth,  with  the  reflect, 
ing  surface  directed  upward,  so  that  the  image  of  the  region 
in  question  is  reflected  in  the  mirror.  In  order  to  conduct 
this  examination  the  patient  is  seated  lacing  the  surgeon,  the 
arrangement  o(  the  light  and  the  relative  positions  of  the  pa- 
tient and  operator  being  the  same  as  those  already  given  ud 
der  the  description  of  otoscopy.  The  head  of  the  patient  is 
inclined  very  slightly  forward  so  that  the  hard  palate  lies  in 
the  horizontal  plane.  The  surgeon  now  depresses  the  tongue 
with  the  tongue  depressor  held  in  the  leil  hand,  crowding  the 
organ  downward  while,  at  the  same  time  the  inslmmenl  is 


FtO.  s{<~'l'o*^o'th'>  tongue 
dfptnMr. 


Flc.  $6.— Foldiag  Intigne  depreuor.  FlO.  57.— Tllrck'i  loDgue  deprcuor. 

rotated  slightly  by  elevating  the  handle,  the  blade  resting 
upon  the  incisor  teeth,  thus  exerting  slight  forward  traction. 
In  this  way  eflorts  at  retching  on  the  part  of  the  patient  are 
avoided,  as  the  base  of  the  tongue,  instead  of  being  crowded 
into  the  throat,  a  circumstance  which  always  results  in  ex- 
citing an  effort  of  deglutition,  is  drawn  forward  out  of  the 
pharynx.  The  patient  is  directed  to  breathe  quietly,  and 
at  an  opportune  moment,  when  the  palatal  muscles  are  re- 
laxed and  the  velum  hangs  vertically  downward,  the  rhino- 


■3S 


PHYSICAL  EXAMINATfON. 


scopic  mirror,  previously  slightly  warmed  over  the  lamp,  is 
carried  rapidly  into  the  mouth  and  made  to  assume  a  position 
to  the  one  side  or  the  other  of  the  uvula.  The  rays  of  light 
from  the  head  mirror  arc  directed  upon  the  surface  of  the 
rhinoscopic  mirror,  which,  as  the  inclination  of  iis  polished 
surface  is  about  one  hundred  and  thirty-five  degrees,  directs 
the  rays  impinging  upon  it  into  the  retronasal  space.     At  first 


^P  Fic.  sB. — Rhinoscopic  mirror. 

the  handle  of  the  mirror  should  be  carried  slightly  downward, 
which  brings  into  view  the  posterior  margin  of  the  nasal  sep. 
turn  ;  this  should  be  followed  upward  until  its  narrow  edge  is 
seen  gradually  to  broaden  and  finally  to  disappear  in  the  upper 
wall  of  the  naso-pharynx.  In  bringing  the  septum  into  view 
the  presence  nf  an  hypcrtrophied  posterior  extremity  of  either 
lower  turbinated  body  will  easily  be  recognized  by  its  marked 
encroachment  upon  the  lumen  of  the  corresponding  posterior 
nasal  orifice.  In  the  same  manner  myxomatous  growths, 
springing  from  the  nasal  cavities  and  extending  into  the  naso- 
pharyngeal space,  will  also  be  easily  discovered.  Any  in- 
crease in  the  lymphatic  tissue  ne-ar  the  pharyngeal  roof  will 
be  at  once  evident,  as  its  presence  renders  it  impossible  for 
the  observer  to  follow  the  outline  ol  the  septum  upward  to 
where  the  divergent  edges  are  lost  in  the  pharyngeal  roof 
the  expanded  portion  of  the  septum  being  concealed  by  the 
hypcrtrophied  lymphatic  tissue.  By  gradually  elevating  the 
handle  of  the  mirror  the  entire  roof  and  a  portion  of  the 
posterior  wall  of  the  naso-pharynx  are  brought  into  view, 
and  by  rotation  of  the  mirror  upon  the  long  axis  of  the  shank 
each  lateral  wall  of  the  cavity  is  inspected  and  the  prominent 
posterior  lip  ol  the  Eustachian  tube  u|ion  cither  siric  easily 
recognized.  Behind  this  we  observe  the  fossa  of  Rosenmiil- 
Icr,  while  in  front  is  the  orifice  of  the  Eustachian  tube,  which 
varies  in  shape  from  a  slitlike  depression,  to  an  opening  with 
distinctly  circular  borders.     (Flus.  49-51.} 

Preparation  op  Instruments. 

Before  concluding  the  subject  of  the  physical  examination, 
a  few  words  will  not  be  out  of  place  concerning  the  care  ol 
instruments  used  in  conducting  the  cxamiuution.    Too  much 
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stress  can  not  be  laid  upon  the  necessity  ol  absolute  asepsis- 
All  metal  instnimcnts  should  be  sterilized  by  boiling  in  a  two. 
per-cent  sodium-bicarbonate  solution  before  eacti  examtna- 
Uon.  [f  rubber  catheters  are  to  be  used,  each  fiatient  should 
possess  his  own  instrutntrnt,  wliile  if  silver  catheters  arc  used 
ihey  should  be  sterilized  in  the  manner  above  descritjed. 

In  cleansing  the  car  with  a  syringe,  an  aseptic  solution  or, 
better  still,  an  antiseptic  solution  should  always  be  employed. 
A  solution  of  bichloride  of  mercury  in  the  proportion  of  i  to 
5.000  is  sufficiently  antiseptic  to  prevent  infection  of  the  tym- 
panic cavity  if  the  drum  membrane  is  accidentally  perforated 
during  the  process  ol  cleansing  the  canal.  The  lip  of  the  ear 
syringe  should  be  boiled  immediately  before  use,  or,  if  this  is 
not  convenient,  the  extremity  should  be  covered  by  a  small 
piece  of  soft.rubber  tubing,  which  is  renewed  each  time  the 
syringe  is  usetl. 

As  the  prolonged  boiling  of  tempered  instruments  is  inju- 
rious, ibcsc  may  be  thoroughly  cleansed  with  cotton  and  then 
dipped  for  a  moment  in  the  boiling  soda  solution,  after  which 
ihcy  are  immersed  in  a  five-per-cent  solution  of  carbolic  acid 
for  several  minutes. 

It  is  scarcely  necessary  to  call  attention  to  the  necessity 
of  |>ersonal  cleanliness  on  the  part  of  the  operator,  and  yet 
perhaps  Ihis  is  occasionally  forgotten. 

The^c  measures  have  been  recommended  by  many  writers 
to  avoid  specific  infection  chiefly.  In  this  country,  where 
specific  disease  is  not  as  common  as  upon  the  Continent,  the 
above  precautions  are  scarcely  necessary  fur  this  purpose, 
but  they  are  necessary  to  prevent  purulent  infection  of  the 
middle  ear. 

If  the  above  precautions  arc  adopted  in  every  case,  the 
extent  to  which  operative  procedures  within  the  middle  car 
can  be  carried  Is  surprising.  In  no  region  of  the  body,  per- 
haps,  is  asepsis  more  important,  and  nowhere  certainly  has 
it  been  so  utterly  disregarded. 

The  lltSTORY, 

A  very  important  part  in  the  intelligent  investigation 
of  any  affection  of  the  ear,  involving  a  partial  loss  or  per- 
version of  its  function  is  the  general  history  of  the  patient, 
together  with  an  exact  account  of  the  aural  affection.  It 
is  scarcely  necessary  to  give  more  than  briefly  the  various 
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subjects  which  should  be  investigated,  before  any  decided 
opinion  is  given  as  to  the  nature  of  the  afTection  or  the  prob. 
able  course  which  it  will  [mrsue.  These  facts  influence  our 
opinion  not  only  as  to  the  favorable  or  unfavorable  progress 
of  the  disease,  but  in  no  small  degree  enable  us  to  determine 
the  relative  value  of  the  various  data  with  which  our  physical 
and  functional  examinations  furnish  us.  The  age  of  the  pa* 
ticnt,  the  occupation,  and  the  habits  of  Hfc  should  be  first  con- 
sidered. The  history  of  any  previous  illness  must  be  investi- 
gated with  great  care,  particularly  concerning  the  occurrence 
in  childhood  of  any  of  the  exanthemata  and  other  kindred 
diseases,  and  later  in  Hfc  of  any  of  tlic  continued  fevers.  A 
not  unimportant  factor  is  the  presence  of  an  hereditary  taint 
— tuberculous,  specific,  gouty,  or  rheumatic — as  well  as  the 
existence  of  chronic  aural  disease  in  any  other  members  of  the 
family.  The  habits  of  the  patient  regarding  the  use  of  opiates, 
stimulants,  tobacco,  indulgence  in  the  luxuries  of  the  table, 
or  the  fact  of  his  having  been  called  upon  at  any  lime  to 
undergo  severe  mental  strain  or  physical  exertion,  must  also 
receive  consideration.  Special  attention  should  also  be  paid 
as  to  whether,  at  any  period  of  life,  it  has  liecn  necessary  for 
him  to  take  continuously  large  doses  of  the  various  drugs  which 
are  known  to  have  a  specific  action  on  the  auditory  organs. 

Next  the  ttafm  prasfns  should  receive  attention,  particu- 
larly with  reference  to  the  digestive  system,  and  here  it  must 
not  be  forgotten  that  the  mouth  is  responsible  for  quite  as 
much  aural  disturbance  as  the  stomach,  and  inquiry  should 
be  made  into  the  condition  of  the  teeth.  Any  previous  or 
present  condition  referable  to  the  pelvic  organs  must  also  be 
inquired  into.  Much  information  may  frequently  be  obtained 
'by  observing  the  general  behavior  of  the  subject  in  respond- 
ing to  the  various  questions,  it  being  remembered  that,  in 
patients  of  a  decidedly  neurotic  tendency,  care  must  be  ob- 
served in  the  interpretation  of  the  apparent  results  obtained 
by  a  functional  examination,  the  mere  fact  that  they  are  under 
examination  often  disturbing  them  to  such  a  degree  that  their 
answers  are  entirely  untrustworthy. 

When  wc  come  to  the  special  history — that  is,  that  part 
which  bears  directly  upon  the  aural  affection  for  which  they 
seek  advice — the  length  of  time  which  this  has  existed  must,  if 
possible,  be  determined.  It  is  of  special  importance  to  inquire 
into  the  condition  of  the  cars  in  childhood,  as  not  infrequently 
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the  patient  may  neglect  to  state  the  presence  of  aural  symp- 
toms  in  early  life,  conceiving  that  as  these  have  apparently 
disappeared,  they  can  have  no  bearing  upon  the  present 
affection.  The  symptoms  upon  which  the  patient  lays  most 
stress  generally,  are  impairment  of  hearing,  tinnitus,  discharge 
from  the  car  or  pain  in  this  location.  Nausea,  vertigo,  general 
headache,  etc.,  may  have  a  very  important  bearing  upon  the 
malady,  yet  may  be  referred  by  the  patient  to  entirely  difTer. 
cnt  causes  and  hence  remain  unmentioncd  unless  he  is  ques- 
tioned especially  with  reference  to  their  previous  existence. 
If  the  affection  has  been  of  long  duration  il  is  of  the  greatest 
importance  to  discover  whether  the  jtrogress  has  been  unin- 
terrupted, or  whether  under  certain  conditions  it  has  been 
aggravated.  In  this  connection  the  effect  upon  the  ear  of  an 
acute  inflammatory  condition  of  the  mucous  membrane  lining 
the  nose  or  naso-pharynx,  or  of  an  aggravation  of  already  ex- 
isting  catarrhal  disturbances,  is  lo  be  discovered,  the  intimate 
relation  between  the  upper  air  tract  and  the  organ  of  hearing 
:ndering  this  of  great  moment.  Il  may  be  taken  as  an  almost 
invariable  rule  where  the  aural  symptoms  arc  intermittent 
in  character,  becoming  more  severe  when  the  patient  suffers 
from  a  cold  in  the  head,  that  even  if  the  pathological  process 
is  located  in  the  middle  car,  our  treatment  must  be  directed 
quite  as  much  to  the  upper  nir  passages  as  to  the  tympanum 
itself  in  order  to  obtain  permanent  benelii. 

If  the  prominent  symptom  is  an  impairment  of  hearing  or 
the  presence  of  tinnitus  we  should  discover  under  what  con. 
ditions  these  are  most  troublesome — whether  the  patient  hears 
better  in  a  noisy  or  in  a  quiet  place :  whether  the  chief  diffi. 
cully  is  that  it  is  imi»ossible  to  understand  general  convcrsa. 
tion,  or  whether  the  impairment  is  so  marked  that  even  dia- 
logue is  impossible.  Ascertaining  the  particular  time  during 
the  day  when  the  disturbance  is  most  severe — whethtT  in  the 
morning,  after  a  refreshing  night's  sleep,  or  at  the  end  of  the 
day,  when  tired  both  physically  and  mentally — may  often  aid 
us  in  forming  our  opinion.  A  word  of  caution  shtuild  be 
added  lest  the  physician  may,  by  attaching  too  much  impor- 
tance to  any  one  symptom,  cause  the  patient  to  exaggerate  it 
unduly.  This  is  especially  true  in  questioning  him  concern- 
ing his  tinnitus.  If  distressing,  he  will  complain  of  it  without 
interrogation,  but  if  this  is  not  the  case,  only  the  most  casual 
mention  should  be  made  regarding  its  presence. 


CHAPTER  IV. 


FUNCTIONAL  EXAMINATION. 


As  the  aural  surgeon  is  consulted  most  frequently  on  ac- 
count of  either  impairincnt  or  perversion  of  function  in  the 
auditory  apparatus,  it  would  seem  natural  that  he  could  arrive 
at  the  most  perfect  conception  of  the  condition  of  this  appa- 
ratus by  testing  the  functional  condition  of  the  organ  of  hear- 
ing. It  is  strange,  however,  thai  while  much  attention  has 
been  paid  to  the  observation  of  physical  changes  in  the  ex- 
ternal and  middle  ear.  which  may  be  noted  by  ocular  inspec- 
tion, the  functional  examination  has  ordinarily  been  conducted 
in  the  most  superficial  manner. 

By  recalling  the  remarks  made  under  Physiology,  it  will 
be  remembered  that  the  ear  perceives  not  only  the  intensity 
of  a  sound,  but  also  its  pitch  or  quality;  consequently  a 
functional  examination  is  complete  bnly  when  it  estimates 
both  the  qualitative  and  quantitative  condition  of  audition. 

1.  Quantitative  Tests. — ^Iii  order  to  determine  how  much 
the  quantitative  function  of  the  car  is  impaired,  it  is  only 
necessary  to  compare  the  distance  at  which  any  given  sound 
is  heard  by  the  ear  under  examination,  with  the  distance  at 
which  it  is  perceived  by  the  normal  car. 

For  convenience,  the  hearing  power  is  ordinarily  ex- 
pressed as  a  fraction,  the  denominator  of  which  represents 
the  distance  in  feet  or  inches  at  which  the  sound  is  normally 
heard,  while  the  numerator  designates  the  distance  at  which 
the  sound  is  perceived  in  the  afiectcd  car  under  examination. 

It  should  be  borne  in  mind  that  as  a  single  sound  e^ccites 
only  one  part  of  the  perceptive  apparatus,  an  ear  which  may 
be  perfectly  healthy  otherwise  may  fail  to  perceive  one  sound 
on  account  of  the  destruction  of  this  particular  area  in  the 
cochlea,  and  in  order  to  apply  this  test  wc  must  be  certain 
that  the  perceptive  mechanism  will  respond  to  the  particular 
standard  sound  to  be  employed  as  a  unit.     In  order  that  the 
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results  of  various  observers  may  be  compared,  use  must  also 
be  made  of  a  sound  of  a  given  quality  and  intensity;  and 
herein  tics  one  of  the  chief  difficulties  of  comparing  the  re- 
suits  of  tests  made  by  different  cbscrvcrs. 

The  sound  most  commonly  employed  in  making  a  quanfi* 
tativc  test,  where  the  hearing  is  but  moderately  impaired,  is 
the  lick  of  the  watch.  While  this  may  be  fairly  accurate  in 
observations  made  by  the  same  individual,  it  is  manifestly 
impossible  that  any  comparison  of  results  reached  by  several 
examiners  can  be  made.  To  obviate  this  difficulty,  Politzer* 
devised  the  instrument  shown  in  Fig.  59,  which  is  supposed 
to  produce  a  sound  whose  intensity  and  quality  are  always 
the  same.  This,  perhaps,  is  the  most  uni- 
versally used  apparatus  for  conducting 
experiments  of  this  kind.  The  chief  ub- 
jcclion  is  that  as  the  sound  produced  by 
the  instrument  is  heard  by  the  normal 
ear  at  a  distance  of  forty-five  feet,  its 
use  is  restricted  to  those  cases  in  which 
the  impairment  of  hearing  is  considera- 
ble.    Moreover,  it  is  not  impossible  that 

the  particular  portion  of  the  perceptive  apparatus  which  is 
responsive  to  this  sound  may  be  so  afTectctl  that,  while  the 
function  of  the  organ  as  a  whole  may  improve,  the  distance 
at  which  this  sound  is  perceived  may  remain  unchanged. 

The  ideal  test  in  estimating  impairments  of  audition  is 
the  human  voice,  since  the  patient  desires  especially  that 
the  power  of  audition  (or  sounds  thus  produced  shall  be  im- 
proved, and,  moreover,  because  his  own  estimate  of  the  prog- 
ress of  his  disease  is  very  largely  based  upon  the  ease  or  diffi- 
culty with  which  he  is  able  to  understand  the  human  voice 
in  ordinary  conversation.  Therefore,  no  matter  what  me- 
chanical appliance  may  be  used  in  estimating  the  power  of 
audition,  no  system  of  examination  is  complete  which  fails  to 
record  the  facility  with  which  various  vocal  sounds  are  per- 
ceived. Since  the  conversational  voice  varies  greatly  both 
in  pitch  and  intensity  in  ditlcrent  intlividuats.  an  exact  com- 
parison of  the  results  obtained  by  using  the  conversational 
voice  as  a  standard  would  be  difficult.  The  whisper.  ht>w- 
CYcr,  IS  fairly  constant  in  pitch  and  intensity,  it  caic  be  taken 
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that  in  every  examination  the  whisper  shall  be  as  loud  as 
possible,  or  what  ma^*  be  termed  "a  forced  whisper."  The 
examiner  in  carrying  out  this  test  should  hrst  fill  the  lungs  by 
a  (orcud  inspiration,  and  then  atluw  them  to  empty  them- 
selves by  a  normal  expiratory  effort,  after  which  he  should 
repeat  in  a  whispering  voice  the  particular  word  or  words  to 
be  used  as  the  test.  1  have  taken  pains  to  compare  the  data 
obtained  by  various  observers  by  tests  conducted  in  this 
manner,  and  find  that  the  error  of  experiment  is  very  small 
when  the  test  is  conducted  carefully.  It  should  be  remem- 
bered  that  the  patient  soon  becomes  familiar  wiih  sentences 
used  in  these  experiments,  and  when  the  same  phrases  arc 
repeated  frequently  the  results  obtained  arc  worthless.  To 
avoid  this  result,  Siebenmann  *  advises  the  use  of  numbers  of 
two  figures.  In  this  way  the  patient  can  not  become  familiar 
with  any  given  lest  sentence,  as  the  same  numbers  arc  not 
repeated  on  successive  examinations,  or  if  repeated,  their  se- 
quence is  changed.  Wc  meet,  however,  with  the  difticuliy 
that  certain  combinations  of  letters  arc  more  easily  perceived 
than  others,  even  when  whispered  with  the  same  intensity — 
in  other  words,  each  vowel  and  consonant  sound  possesses  an 
intensity  peculiar  to  itself,  the  vowel  sounds  being  moro  eas- 
ily heard  than  consonant  sounds.  This  characteristic  of  indi* 
vidual  letters  is  denominated  their  logographic  value,  and  the 
appended  table,  [irepared  by  Blake,  exhibits  the  relative  in- 
tensity of  the  consonant  sounds ;  the  T  sound  being-  that  of 
the  greatest  intensity,  its  value  for  purposes  of  comparison  is 
denominated  in  the  table  as  loo: 


T=  loo 
Z=  63 
C=  62 

P=  5» 
G=  56 


B  =  S3 


If  proper  care  is  exercised  in  the  selection  of  numbers  of 
two  figures,  or  if  the  numbers  arc  selected  at  random,  and 
the  average  results  of  ten  experiments  be  taken  as  represent- 
ing the  quantitative  value  of  the  hearing  in  any  particular  case, 
a  fairly  accurate  estimate  of  the  condition  may  be  obtained. 

Instead  of  estimating  the  distance  at  which  a  sound   of 

*  Archives  vt  OCuloey,  vol.  xxii,  p.  i. 
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known  intensity  is  heard,  another  fairly  accurate  method 
consists  in  comparing  the  time  during  which  a  given  musical 
note  is  perceived  by  the  defective  organ,  with  the  perception 
time  of  the  normal  car.  The  simnding  body  is  set  in  vibration 
by  a  constant  force,  and  the  relation  is  expressed  in  the  form 
of  a  fraction  of  wrhich  the  normal  perception  time  is  the  de- 
nominator and  the  perception  time  of  the  defective  car  ex- 
arained  is  the  numerator.  While  not  absolutely  accurate  from 
a  niathcmaiical  point  of  view,  the  error  is  so  slight  that  it 
may  be  practically  disregarded,  as  proved  by  the  experiments 
of  Barlh.*  The  only  difficulty  in  testing  in  this  manner  is  in 
obtaining  a  constant  force  for  selling  the  tuning  fork  or  any 
other  convenient  instrument  in  vibration.  If  each  examiner 
determines  his  own  standard  experimentally,  by  estimating 
the  time  during  which  the  fork  is  heard  by  the  normal  car,  it 
being  set  in  vibration  by  a  blow  which  habit  has  enabled  him 
to  make  fairly  constant,  a  comparison  of  such  results  will  be 
perfectly  possible  ami  fairly  accunite,  it  being  only  necessary 
that  the  rate  of  vibration,  or  the  pitch,  of  the  instrument  be 
known,  and  that  its  note  be  pure— that  is,  free  from  over- 
tones. The  note  usually  employed  is  that  of  a  tuning  fork 
making  five  hundred  and  twelve  V.  D.,  which  corresponds  to 
the  treble  C  of  the  musical  scale,  as  it  is  more  easy  to  con- 
struct an  instrument  of  this  pitch,  free  from  overtones,  than 
one  of  lower  pilch. 

It  is  scarcely  necessary  to  mention  the  more  complicated 
instruments  which  from  time  to  time  have  been  devised  for 
determining  quantitative  audition.  Their  use  has  never  be- 
come universal  on  account  of  their  complex  construction. 
The  phonograph,  supplied  with  a  scries  of  standard  cylin- 
ders and  capable  of  rej>n>ducing  sounds  which  sliall  always 
be  uniform  both  in  pitch  and  intensity,  is  probably  the  most 
simple  of  these  devices.  The  principle  of  the  telephone  has 
been  used  in  constructing  instruments  for  this  purpose.  Ol 
these,  probably  that  recommended  by  Urbantschitsch  f  is  the 
best.  The  operation  of  this  instrument  and  of  other  kindred 
devices  depends  upon  gradually  diminishing  the  intensity  of 
a  given  sound  by  sliding  the  secondary  coil  of  an  induction 
apparatus,  introduced  into  the  circuit,  over  the  primary  coil. 


•  Arc1itv«»of  Ololcijiy,  *ol.  x^i,  p,  153, 
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The  sound  is  conveyed  to  the  car  of  the  patient  by  means  of 
an  ordinary  telephone. 

In  the  instrument  shown  in  Fig.  60  the  sound  employed  is 
produced  by  the  rapid  interruption  ol  the  electric  current  by 
Neef's  hammer.  It  is  necessary  that  the  vibrating  hammer 
be  completely  inclosed,  in  order  that  its  repeated  blows  may 
not  be  henrtl  through  the  air  in  cases  where  the  hearing  is 
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found  he&nl  (iirough  [hf  receiver  ii  lbi»  Incmued  or  dimlniibed  at  nill. 
banbchtbch.) 


but  slighlty  impaired,  or  by  the  opposite  car,  where  there  is 
great  impairment  upon  one  side,  the  opposite  organ  being 
normal  or  nearly  so. 

A  somewhat  similar  instrument  has  been  devised  by  Gra- 
denigo,*  in  w  hich  the  source  ol  sound  is  a  metal  rod  producing 
a  pure  musical  note  corresponding  to  C  in  the  musical  scale. 

*  Huidbucb   dtr    Obr«iiheill(iiiide    van    Schwarue,    Leipug.    1&93,   roL   ii^ 

p.  393- 


H7 

This  certainly  possesses  advantages  over  the  instrument  just 
descriijed,  in  which  the  quality  ot  the  sound  must  vary  con- 
siderably. 

The  maximal  phonometer  was  devised  by  Lucac  *  to  meas- 
ure the  intensity  of  a  vocal  sound  by  observing  to  what  extent 
the  vibrating  colutiin  o(  air  displaced  a  diaphragm  upon  which 
it  was  made  to  impinge.  The  instrument  is  too  complicated 
to  be  used  universally. 

Whatever  method  is  adopted  in  making  a  quantitative  test, 
certain  precautions  must  be  taken  to  avoid  error  in  cases 
.where  a  marked  impairment  oi  hearing  exists  in  one  ear,  with 
''only  a  very  slight  imp;i!rment  in  the  function  of  the  other. 
It  is  impossible  to  prevent  the  normal  ear  from  perceiving 
sounds  o(  great  intensity,  no  mailer  how  tightlv  the  external 
auditory  canal  is  closed,  and  as  a  preliminary  step  to  the  cv- 
amiiiation  it  is  essential  that  the  test  sound  employed  shall 
act  upon  the  organ  under  examination  alone. 

Wc  begin,  then,  by  placing  the  patient  in  such  a  position 
that  the  car  to  be  examined  is  turned  toward  the  source  of 
Fiound ;  the  opposite  meatus  Is  tightly  closed  by  the  hnger 
'o(  the  patient  or,  better  still,  by  that  of  an  assistant    To  se- 
cure perfect  occlusion  the  digit  should  be  previously  mois- 
tened with  water.     When  the  hearing  is  impaired  to  a  great 
degree  and  wc  have  reason  to  doubt  the  efiiciency  of  this 
method  of  exchiding  sound  from  the  opposite  uar,  at  the  con- 
elusion  of  the  examination  of  the  affected  ear.  both  external 
rauditory   canals  should  be  closed  and   the   examination    re- 
rated.      If    now    the    patient  hears  equally    well  with   both 
canals  closed,  it  is  evident  that  the  affected  ear  exerted  no  in- 
■fluencc  upon  the  results  obtained  by  the  first  tests — in  other 
^words,  that  the  car  upon  this  side  is  totally  deaf.     If,  how- 
ever, the  results  are  not  the  same,  the  hearing  power  upon 
the  aflcctcd  side  is  obtained  by  subtracting  the  perception 
distance  obtained  by  the  last  experiment  from  thai  elicited  by 
the  first. 

It  is  possible,  under  certain  conditions,  to  convey  the  sono- 
^rous  vibrations  to  the  aflecied  ear  through  a  lube,  the  sound. 
log  body  being  removed  to  a  distance  sufficient  to  prevent 
perception  by  the  organ  of  the  opposite  side.     This  is  par- 
ticularly valuable  if  the  method  is  adopted  of  estimating  (he 


*  Anhif  fUr  Ohnnlicilkntide.  «oI.  xU,  {k  iSa. 


r48 


FUNCTtONAL  EXAMINATION. 


i-M 


hearing  power  by  comparing:  interval  during  which  the  sound 
is  perccivc<i,  with  th:it  of  the  normal  car. 

II.  Qualitative  Tests. — We  recall  that  the  normal  car  per- 
ceives vibrations  as  musical  notes  repeated  at  regular  intervals 
from  i6  V.D.  to  about  32,500  V.D.    These, 
TIP    f''"f       then,  may  be  called  the  lower  and  upper 
"ijk-rri       limits  of  audition,  respectively.    When  the 
organ    is    lunctiunally    perfect   these    limits 
vary  but  slightly.     When,  however,  cithci 

fdav^       tlic  perceptive  or  transmitting  mechanism  is 
I^^J      the  scat  of  a  pathitlogical  process,  these  tim- 
^H  I      its  arc  changed  in  a  characteristic  manner. 
^1  W  To  complete  our  functional  examination, 

then,  it  is  essential  to  be  provided  with  some 
convenient  device  for  producing  the  lower 
notes  of  the  musical  rc-gisler — that  is,  from 
16  to  20  V.  D.  to  64  V.  D.  per  second — and 
also  some  instrument  which  will  emit  the 
shrill,  high-pitched  sound,  caused  by  im- 
pulses following  each  other  with  extreme 
rapidity.  The  first  requisite  is  easily  ob- 
tained through  the  medium  of  a  tuning  fork 
of  large  size.  II  provided  with  clamps,  a 
single  instrument  may,  by  altering  the  jiosi- 
tion  of  these,  be  made  to  vibrate  at  varying 
rates.  The  fork  shown  in  Fig.  6r  answers 
this  purpose  fairly  well.  When  the  clamps 
are  fastened  at  the  extremity  of  the  branches 
of  the  fork  the  instrument  makes  about  26 
V.  D.  When  a  lillle  care  is  exercised  in  set- 
ting the  fork  in  vibration,  this  note  is  prac- 
tically pure  and  is  easily  perceived  as  a  mu- 
sical sound.  When  the  clamps  are  moved 
down,  so  that  about  half  the  length  of  each 
clamp  extends  beyond  the  free  extremity  of 
the  arm  of  the  fork,  as  shown  by  the  dotted 
lines  in  Fig.  6[.  the  rale  of  vibration  increases 
to  about  thirty  per  second.  When  carried 
still  lower,  the  note  corresponds  very  nearly  to  the  contra  C 
of  the  musical  scale.  If  the  clamp  is  entirety  removed  the  fork 
emits  a  pure  note  corresponding  to  the  next  octave  higher; 
in  other  words,  it  makes  sixty-four  vibrations  per  second. 


FlO.  61,  — The  au- 
tliot's  luninp  fork 
lul<lcIc(iiiinii>E  tbc 
lower  lone  limit. 
The  inttrumeril  U 
pnividpil  with  nd- 
jutuble  vlaiupi. 
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While  this  device  does  not  by  any  means  allow  us  to  ex- 
amine the  lower  portion  of  the  scale  as  thoroughly  as  wc  may 
desire,  it  reveals  very  quickly  any  deficiency  in  audition  for 
the  lower  notes  of  the  scale. 

The  Gallon  whistle  afiords  a  simple  means  of  producing 
the  higher  nolcs  of  the  musical  scale,  for  determining  the  up- 
per tone  limit.  This  apparatus  is  essentially  a  closed  organ 
pipe  in  which  the  column  of  air  is  set  in  vibration,  either 
through  the  medium  of  the  expired  air,  by  holding  it  between 
the  hps,  or,  better  still,  by  means  o(  a  rubber  ball  fitted  to 
its  open  extremity.  By  a  well-known  law  of  physics,  if  the 
diameter  of  a  tube  is  uniform,  the  note  produced  by  forcing 
air  through  it  will  become  higher  and  higher  as  the  length  of 
the  tube  diminishes.  Thus,  if  the  length  is  diminished  one 
half,  the  resulting  note  will  be  an  octave  higher  than  the  fuiida- 
mental  tone  of  the  original  tube,  and  by  decreasing  the  length 
of  the  tube  gradually,  all  of  the  various  musical  notes  may 
be  obtained  between  the  fundamental  tone  of  the  tube  and 
that  emitted  by  a  pipe  of  inlinitcsinial  length. 

The  length  of  the  tube  is  reduced  by  a  metal  obturator, 
which  is  slowly  advanced  along  its  lumen  through  the  agency 
of  a  screw ;  the  outer  surface  of  the  tube  is  graduated,  each 
division  of  the  vertical  scale  representing  the  space  traversed 
by  the  obturator  during  a  single  complete  rotation  of  the 
screw. 

Owing  to  the  fact  that  so  many  of  the  instruments  sold 
arc  not  made  according  to  a  fixed  rule,  the  gr.^fluati(>ns  o(  the 
scale  can  not  be  employed  in  comparing  the  results  obtained 
by  examination  with  different  instruments.  It  has  seemed 
wise,  therefore,  to  slate  here  briefly  the  means  by  which  the 
number  of  vibrations  per  second  which  any  instrument  of  this 
kind  produces  may  be  determined. 

The  Gallon  whistle  acts  as  a  closed  organ  pipe,  and  the 
variation  in  pilch  of  the  notes  produced  depend  upon  the  phys- 
ical rules  which  govern  Ihc  construction  of  wind  instruments 
of  this  class.  By  the  law  of  closed  tubes  the  length  of  the 
tube  producing  a  given  note  Is  one  quarter  the  wave  length. 
Without  going  into  detail,  it  will  be  sufficient  to  state  that  in 
any  instrument  of  this  character  the  number  of  vibrations  i>er 
second  may  be  calculated  by  dividing  the  velocity  with  which 
sound  travels  by  four  times  the  length  of  the  closed  tube. 
Sound  travels  through  the  air,  at  the  average  temperature,  at 
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the  rate  of  eleven  hundred  and  eighteen  feet  per  second  ;  this 
number,  divided  by  (uur  times  the  length  o\  the  tube  which 
produces  the  note  in  question,  will  give  the  rate  of  vibration. 
In  other  words,  the  result  obtained  by  dividing  eleven  hun- 
dred  and  eighteen  feel  by  the  length  of  the  tube,  is  equal  to 
four  times  the  number  of  vibrations  producing  the  (unda^ 
mental  note  of  the  tube. 

A  more  exact  method  of  determining  the  upper  tone  limit 
is.  by  means  of  a  series  of  rods,  known  as  K(«:nig's  rods. 
These  small  steel  cylinders  are  of  various  lengths,  the  diam- 
eter of  each  being  the  same.  To  elicit  the  primary  note  of 
one  of  these  rods  it  is  suspended  by  means  of  loops  of  very 
light  wire  or  of  silk  thread,  from  points  equidistant  from  the 
two  extremities  of  the  cylinder,  the  location  of  the  points 
of  support  being  determined  by  certain  mathematical  laws. 
These  cylinders  arc  set  in  vibration  by  a  small  metallic  ham- 
raer  and  emit  a  pure  tone,  the  pitch  of  which  varies  with  the 
length  of  the  cylinder.  This  method  of  determining  the 
upper  tone  limit  is  probably  more  exact  than  that  in  which 
the  Galton  whistle  is  used,  but  it  is  much  more  tedious,  and 
for  clinical  purposes  yields  scarcely  better  results. 

By  the  low-pitch  tuning  fork  and  the  Oalton  whistle  we 
may  determine  the  limits  between  which  musical  notes  are 
perceived.  Bezold  *  advises  a  more  exhaustive  investigation, 
and  has  devised  a  scries  of  forks  and  organ  pipes  by  which 
the  complete  scries  of  music.il  notes  belween  the  limits  of 
audition  can  be  produced.  As  the  employment  of  such  a 
number  of  instruments  in  examining  each  case  involves  the 
expenditure  of  considerable  time,  their  use  must  be  confined 
to  the  investigation  of  particular  cases,  in  which  so  exhaustive 
a  test  seems  necessary. 

The  value,  as  a  diagnostic  measure,  of  the  next  test  to  be 
applied  depends  upon  the  fact  that,  under  normal  conditions, 
sound  waves  impress  the  perceptive  centres  by  the  transmis- 
sion of  the  sonorous  impulses  to  the  labyrinth  through  the 
medium  of  the  conducting  mechanism — that  is,  through  the 
external  auditory  meatus,  the  tympanic  membrane,  and  the 
ossicular  chain.  As  a  matter  of  habit,  alt  sounds  are  best 
perceived  through  this  avenue,  undernormal  conditions.  If, 
however,  the  conducting  mechanism  is  obstructed,  be  the  ob- 
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EXPLANATION  OP  PLATE  VH. 

A  ranges  from  4.  ijo  double  vibrations  per  second,  lo  a,  220  double  vibra- 
tions per  seccMid.    This  fork  undamped  is  r'.  356  double  vibrations  per  second, 

H  ranges  from  a,  220  double  \ibrations  per  second,  to  </*,  300  double  \-ibra- 
lions  per  second.    Ui)cla,mpc(l  ibis  fork  i^^'.  39^1  double  vibniioTis  pirr  setond. 

B  ranges  from  A  3:9  double  vibntiims  ptr  it'cond,  to  u',  44odouble  Wbra- 
tions  per  second.    Undamped  this  furk  is  f*,  512  double  vibmiions  ptr  second. 

I  miig«  from  a}.  440  double  vibrrmon!.  |)cr  scvotnl.  lo  if,  600  double  vibra- 
tions per  second.    Undamped  ihis  fork  Js^,  792  double  vibr^iiotis  per  second. 

C  Hinges  from  /■,  659  double  vibraiions  per  second,  to  .»',  880  double  vi- 
braiiuns  per  liccond.  Uiiduniprd  tlii.s  fork  is  c*,  1.0:14  dmible  vibntiions  per 
•econd. 

J  is  an  undamped  fork.  g*.  i  .584  double  vibmtions  per  second. 

D  b  an  unchiriped  fork,  ^,  2,048  double  vibrations  per  second. 

K  is  an  unclainjicd  furk,  ^*.  ),i68  doulilc  vibrations  per  second. 

E  is  an  undnmped  fork,  f*.  4.096  double  vibratioiLt  per  second. 

(J,  Tv«»  di»cd  nrganpiprs.  the  l.irgcr  Iiiiving  a  Ume  range  from  f".  512 
double  vibnilionB  per  second,  lo  <i*.  1.760  ikmble  lihrations  per  second,  ,ind 
(he  smaller  a  lone  range  from  a*.  1.760  double  vibralions  per  second,  to  a*. 
3.330  double  vibralions  per  second. 

L  ts  an  improved  tlitdin-inn -Gallon  wliistle,  hnving  n  tune  range  from  4,000 
double  vibralions  per  secoiKl  u>  jo.000  double  vibrations  per  stcond, 

I-",  Eiaminer  for  striking  forks. 

Note.— The  mod  reccst  and  complete  «et  nf  inxlramenls  (Bernld  and  Edelm&nn, 
nf  Munich)  coniitt  of  a  Hries  of  len  cUniped  tuning  foik^  four  unc]ARip«il  forks, 
Iwa  dosed  o*can  pipes  and  an  imptoved  Gabon  whUtlc.  By  meant  of  the  tuning 
foekta  praciicnlljr  conlinuous  lone  series  from  16  double  vlbritloni  per  second  lo 
4joq6  double  rlhrationt  per  *«con<l  mny  be  iecurecl.  All  the  fork»  below  ^  ate 
clamped,  ihu*  enabling  ihe  invcttigaior  i«  obtnin  a  compk'lc  scries  of  toiici  between 
lb  double  vibralions  per  leoonil  and  i,;S4  duulile  vibmliuns  per  Mxnrid.  Above 
1,51(4  double  vilrrationt  per  liccond  ihc  forkK  aic  unctampcl,  ititts  giving  ■  <onsi<ler- 
My  wiilet  range  bciweca  the  rariuui  inairunicnli  at  iliis  pnil  of  the  niu^icnl  ^calc. 
In  ihc  Kdelmann  lerien  above  dou-tihcd,  the  iippc^i  lone  limit  is  Uciemiiiicd  by  .in 
inijiruvcd  Gallon  wtii«l1p,  iht  h1^tn;■Ilc1lt  1)vin|;  modified  if  m  lo  j>tcduc«  an  MbH>- 
Imdy  pure  Kiund  even  at  th«  cxtrcnc  upper  limit  of  audition. 
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EXPLANATION  OF  PLATE  VIII. 

A  ranges  from  C~*,  i6  double  vibrations  per  second,  to  G"',  24.  double 
vibrations  per  second. 

B  ranges  from  G~*,  24  double  vibrations  per  second,  to  D""',  36  double 
vibrations  per  second.  Undamped  this  fork  gives  the  note  of  C,  64  double 
vibrations  per  second. 

C  ranges  from  D~',  36  double  vibrations  per  second,  to  A"',  55  double 
vibrations  per  second.  Undamped  this  fork  sounds  the  note  of  G,  99  double 
vibrations  per  second. 

D  ranges  from  A~*,  55  double  vibrations  per  second,  to  F,  90  double  vibra- 
tions per  second.    This  fork  undamped  is  c,  128  double  vibrations  per  second. 

E  ranges  from  F,  90  double  vibrations  per  second,  to  d,  1 50  double  vibra- 
tions per  second.  Undamped  this  fork  sounds  the  note  of  g,  198  double 
vibrations  per  second. 
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struction  in  the  canal,  tn  the  tympanic  membrane,  or  within 
the  middle  ear  itself,  this  path  along  which  the  sound  waves 
normally  pass  is  closed  to  a  greater  or  less  degree,  depending 
upon  the  completeness  of  the  obstruction.  Under  these  con. 
ditions,  the  vibrations  must  reach  the  end  organ  of  the  audi* 
tory  nerve  by  some  other  path,  as.  for  example,  the  solid 
structures  ol  the  cranium;  and  under  these  conditions  a  vi- 
brating body  held  in  contact  with  the  cranial  bones  produces 
a  greater  impression  upon  the  auditory  centres — that  is.  is 
heard  more  loudly — than  when  held  in  front  ol  the  external 
auditory  meatus.  It  is  to  be  remembered  that  under  normal 
conditions  also,  when  a  sounding  body  is  brought  into  con- 
lact  with  the  bones  of  the  skull,  the  vibrations  arc  perceived. 
The  period  during  which  the  sound  is  heard,  however,  is 
much  less  than  the  interval  during  which  it  is  perceived 
when  held  before  the  auditory  canal.  Roughly  s])eaking.  the 
duration  of  air  conduction  is  about  double  that  of  bone  con- 
duction, the  air  conduction  being  relatively  somewhat  greater 
for  the  higher  notes — th.it  is.  a  little  more  than  twice  that  of 
bone  conduction — and  the  bone  conduction,  on  the  other 
hand,  slightly  greater  for  the  lower  notes  of  the  scale,  or  a 
little  more  than  half  that  of  air  conduction.  Again,  the  very 
highest  notes  arc  scarcely  heard  by  bone  conduction  under 
normal  conditions,  while  (he  very  low  notes  of  the  register 
are  felt  rather  than  heard,  when  the  instrument  producing 
tliem  is  brought  in  contact  with  the  head.  Age  also  influ- 
ences the  power  of  bone  conduction,  which  becomes  much 
reduced  after  the  age  of  forty-five  or  fifty  years. 

Having  learned  the  history  of  the  malady,  and  determined 
the  physical  condition  of  the  ear  in  the  manner  previously 
detailed,  and  having  arrived  at  a  conclusion  concerning  the 
extent  of  impairment  by  the  functional  examination,  the  next 
step  should  be  to  locate  the  pathological  condition  cither 
in  the  sound-conducting  or  the  sound-perceiving  apparatus. 
Many  of  the  methods  employed  for  this  purpose  bear  the 
names  of  the  investigators  who  first  demonstrated  their  value. 
The  test  most  commonly  spoken  of  is  that  of  Weber,  who,  as 
the  result  of  a  scries  ol  investigations,  found  that  when  a  vi- 
brating tuning  fork  was  placed  upon  the  skull  in  the  antero- 
posterior vertical  median  plane  and  the  meatus  of  one  side 
was  closed,  the  sound  of  the  fork  was  heard  more  strongly  in 
the  car  which  was  occluded.     In  the  same  way  if  the  struc- 
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tures  of  the  middle  ear  were  bound  down  by  adhesions,  if  the 
cavity  was  filled  with  Htiid,  or  if  the  ligamentous  tissues  were 
so  relaxed  that  the  weight  of  the  drum  membrane  and  the 
attached  ossicular  chain  constituted  an  obstruction  to  the 
passage  of  sonorous  vibrations  from  the  external  canal  to  the 
parts  beyond — under  all  of  these  conditions  the  vibrating  tun- 
ing fork  was  heard  better  in  the  obstructed  car.  The  deduc- 
tion was  inevitable  that,  in  a  case  in  which  impairment  of 
hearing  existed  upon  one  side  alone,  or  in  which  impairment 
existed  on  both  sides  to  an  unequal  degree,  the  perception  of 
the  tuning  fork  from  the  median  line  of  the  head  would  be 
stronger  in  the  ear  in  which  the  pathological  condition  in  the 
conducting  mechanism  was  more  marked.  In  other  words, 
the  fork  would  be  better  perceived  by  bone  conduction  in  the 
poorer  ear.  U  the  organ  upon  one  side  was  normal,  the  fact 
of  the  fork  being  heard  better  in  this  ear  would  locate  the 
pathological  condition  of  the  opposite  side  in  the  perceptive 
rather  than  in  the  transmitting  a]>paratu$. 

The  second  classical  test  was  devised  by  Rinnc,*  who  was 
the  first  to  determine  that  the  normal  car  perceived  a  vibrat- 
ing tuning  fork,  held  before  the  canal,  for  about  twice  as  long 
a  time  as  when  the  shank  of  the  fork  rested  upon  the  mastoid 
process.  In  cases  where  the  canal  was  occluded,  or  where  an 
obstructive  lesion  was  present  within  the  tympanum,  it  was 
found,  after  the  fork  had  ceased  to  be  heard  in  front  of  the 
ear,  that  its  vibrations  could  still  be  recognized  when  the 
handle  of  the  instrument  was  brought  in  contact  with  the 
mastoid.  In  applying  this  method  of  investigation  then,  if,  in 
a  given  case  in  which  the  hearing  is  impaired,  the  duration  of 
bone  conduction  is  greater  than  that  of  air  conduction,  the  in- 
ference would  be  that  the  impairment  is  due  to  some  lesion 
of  the  conducting  apparatus,  and,  pathological  conditions  of 
the  canal  being  excluded  by  physical  examination,  the  loca- 
tion of  the  morbid  process  must  of  necessity  be  the  tympanic 
structures.  If,  on  the  other  hand,  the  hearing  is  impaired 
and  the  normal  relation  1>etwecn  bone  and  air  conduction  is 
preserved,  although  both  are  found  to  be  reduced,  the  seat 
of  the  disease  must  be  the  perceptive  portion  of  the  organ  of 
hearing. 

While  both  of  these  facts  are  of  undoubted  value,  the 

*  Itager  Vierteljabirwchriri,  1855.  vol  (,  p.  71,  vi>l.  ii,  pp^  4S-ISS- 
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accumulation  of  clinical  evidence  from  the  investigation  ol  a 
large  number  of  cases,  has  convinced  those  interested  in  Otol- 
ogy that  in  many  instances  they  can  not  rely  absolutely  upon 
these  reactions  to  indicate  the  site  of  the  lesion. 

The  first  fact  wilh  which  we  arc  impressed  in  a  careful 
reading  of  these  experiments  is  that  very  little  attention  seems 
to  have  been  paid  to  the  pitch  of  the  fork  used  in  conducting 
the  tests.  From  what  wc  know  by  experiment  (sec  IMiysi- 
ology)  of  the  effects  of  increase  of  tension  in  the  intraty  mpanic 
structures,  or  the  weighting  of  these  parts  or  of  the  tyrnpanic 
membrane,  it  can  easily  be  seen  that  if  the  impairment  of 
bearing  is  very  slight  and  the  fork  used  in  making  the  test  is 
of  moderately  high  pitch,  an  absolute  reversal  of  the  relation 
between  the  bone  and  air  conduction  may  not  take  place, 
since  the  application  ol  a  load  to  the  drum  membrane  or 
ossicles  interferes  principally  with  their  vibration  in  their  re- 
sponse  to  the  tower  notes  of  the  scale.  This  fact  is  recog- 
nized by  Luca;  ami  by  Bezuld,*  the  latter  restricting  the  ap- 
plicability of  Rinne's  experiment  to  those  cases  in  which  the 
whispered  voice  is  not  understood  at  a  distance  greater  than 
three  nnd  a  half  feet.  It  must  be  remembered,  that  in  arriv- 
ing at  this  conclusion  regarding  the  application  of  Kinne's 
lest,  a  tuning  fork  making  about  512  V.  D.  was  used.  By  the 
use  ol  forks  of  lower  pitch  the  test  becomes  applicable  to  cases 
in  which  the  degree  of  impairment  is  much  less  than  this. 
It  is  seldom  wise,  however,  to  determine  bone  conduction 
with  a  fork  of  lower  pitch  than  128  V.  D.,  since  a  fork  lower 
than  this  is  felt  rather  than  heard,  and  comparatively  lew 
patients  are  able  to  distinguish  between  the  two  sensations. 
II  a  fork  making  512  V.  D.  is  used  in  cases  where  the  impair- 
ment  is  slight,  instead  of  looking  for  an  absolute  reversal  of 
the  relation  between  bone  and  air  conduction,  a  comparison 
should  be  made  between  the  time  during  which  the  fork  is 
heurd  when  held  In  front  of  the  canal  and  that  during  which 
it  is  perceived  when  placed  upon  the  mastoid.  It  will  be 
found  that  bone  conduction  is  increased  relatively,  although 
Rinne's  test  will  be  positive.  Such  a  result  is  called  "a  di- 
minished positive."  For  clinical  purposes,  however,  it  would 
be  impossible  to  conduct  the  test  in  this  manner,  as  the  dura- 
tion periods  would  then  need  to  be  determined  with  great 

*  Alls.  Wi«n.  Bi«d.  Zig.,  18S7,  p.  183. 
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exactness,  and  reliable  results  could  be  obtained  only  by 
complicated  apparatus. 

Fullawiiig  in  this  same  line,  Schwabacb  **  has  found  that 
where  obstruction  exists  in  the  conducting  mechanism,  the 
absolute  period  o(  bone  conduction  exceeds  that  of  the 
normal  ear.  Pomcroy.f  in  applying  this  test  insists  upon  the 
cars  being  tightly  slopped  with  the  fingers.  In  other  words, 
he  compares  the  maximum  bone  conduction  to  be  obtained 
from  the  normal  car  with  that  to  be  elicited  from  the  organ 
under  examination,  combining  really  the  test  of  Schwabach 
with  that  of  Weber. 

The  determination  of  the  absolute  bone  conduction  in  sec- 
onds, not  only  consumes  considerable  time,  but  the  result 
obtained  must  vary  with  the  age  of  the  patient,  and  with  dif- 
ferent examiners.  The  variations  in  the  force  of  the  blow 
setting  the  fork  in  vibration  also  constitute  a  source  of  error. 
It  is  much  simpler,  if  the  examiner  possesses  a  normal  ear,  to 
follow  the  plan  suggested  by  Gardiner  Brown, J  who  con- 
ducts the  test  as  follows;  The  tuning  fork  is  set  in  vibration, 
and  the  handle  is  held  against  the  mastoid  of  the  patient 
.until  the  sound  is  no  longer  heard,  this  fact  being  communi- 
cated to  the  examiner  by  the  patient  raising  his  hand.  The 
handle  of  the  fork  is  then  applied  to  the  mastoid  of  the  ex- 
aminer, and  if  he  perceives  the  sound,  it  is  fair  to  assume  that 
the  bone  conduction  of  the  patient  is  below  the  normal  stand- 
ard. If,  on  the  contrary,  he  no  longers  hears  i(,  the  inference 
is  that  the  bone  conduction  is  normal.  For  general  purposes, 
the  data  obtained  in  this  manner  are  sufficiently  exact,  when 
taken  in  connection  with  results  arrived  at  by  applying  the 
other  tests  for  determining  the  location  of  the  lesion. 

Reviewing  briefly  the  facts  stated  in  the  preceding  pages, 
It  will  be  seen  that  lesions  of  the  conducting  mechanism  arc 
characterized  by — 

I.  A  loss  or  impairment  of  audition  for  the  lower  notes 
of  the  scale,  and  as  the.  degree  of  impairment  of  hearing  in- 
creases, the  lowest  note  which  can  be  perceived,  or  the  lower 
tone  limit,  as  it  is  called,  becomes  elevated. 

II.  The  relative  duration  of  bone  conduction  as  compared 

*  Zciticbrlft  rSt  Ohrtiihcniinnde,  raL  liv. 

I  DiftcvK  of  ihe  Ear.  New  Voilt,  1883.  p.  JJJ. 

)  Lennox  Dtowne,  The  lltroal  and  ils  Diseucs.  Lnndon,  1U7,  f.  53$. 


with  air  conduction  increases,  the  inversion  of  the  ratio  being 
more  marked  for  the  lower  notes  of  the  scale  and  affecting 
these  first,  the  change  occurring  with  the  higher  notes  in 
proportion  as  the  pathological  condition  increases,  and  conse- 
quently as  the  impairment  of  function  becomes  more  marked. 

III.  lesions  of  the  conducting  apparatus  interfere  very 
slightly  with  the  perception  of  the  highest  notes  of  the  scale 
by  air  conduction— in  other  words,  have  very  little  etlect  upon 
the  upper  tone  limit. 

In  the  same  manner  diseases  of  the  receptive  mechanism 
are  characterized  by — 

I.  No  elevation  of  the  lower  tone  limit. 

II.  No  change  in  the  normal  relation  between  the  duration 
of  bone  conduction  as  compared  with  air  conduction,  the 
absolute  duration  ol  both,  however,  being  reduced. 

III.  Absolute  deafness  (or  certain  notes  of  the  scale, 
usually  in  its  upper  portion,  th;is  (rcqwently  lowering  the 
upper  tone  limit.  This  is  almost  invariably  the  case  when 
the  condition  is  secondary  to  changes  within  the  tympanum. 

Our  plan  of  functional  examination,  then,  is  essentially  as 
follows: 

TV  quanlilath't  d<UrmmatwH  ef  iMc  hearing  by  nuans  of: 

a.  The  watch,  if  the  impairment  is  slight. 

h.  The  acoumeter,  if  the  degree  of  impairment  is  more 
marked. 

c.  The  determination  of  the  hearing  distance  by  means  of 
the  "forced  whisper"  by  making  use  of  numbers  of  two 
fibres. 

Thf  tfuaiitathv  determination  o/tht  hearing: 

a.  The  determination  of  the  lower  tone  limit,  using  for 
this  purpose  ihe  fork  already  described,  illustrated  in  Fig.  6i. 
The  record  shows  the  lowest  number  of  vibrations  perceived 
by  the  patient  as  a  musical  note,  the  different  rates  of  oscilla- 
tion being  obtained  by  changing  the  position  ol  the  clamps 
as  already  explained. 

b.  The  determination  of  the  upper  tone  limit  by  means 
of  the  Gallon  whistle,  recording  the  highest  number  of  vibra- 
tions  perceived  by  the  patient  as  a  musical  sound. 

c.  The  determination  of  absolute  bone  conduction. 

In  determining  the  absolute  bone  conduction  in  any  given 
case  the  rate  ol  vibration  of  the  tuning  fork,  as  has  already 
been  stated,  must  be  taken  into  account.     In  patients  under 
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forty  years  of  age  the  most  convenient  fork  to  be  employed 
is  one  tuned  tcuhe  note  "  C,"  making  five  hundred  and  t^vclvc 
double  vibrations  per  second.  In  patients  over  forty,  a  fork 
making  two  hundred  and  fifty-six  double  vibrations  per  second 
gives  the  most  accurate  results.  For  the  benefit  of  those  who 
do  not  care  to  make  a  special  study  of  aural  diseases,  and 
hence  to  whom  a  multiplicity  of  devices  for  dclermining  the 
actual  functional  condition  of  the  car  is  rather  objectionable, 
il  may  be  well  to  enumerate  the  instruments  with  which  satis> 
factory  work  can  be  done. 

In  the  first  place,  Et  is  necessary  (o  be  provided  with  a  low. 
pitched  tuning  fork,  such  as  the  unc  shown  in  Fig.  6i.  fitted 
with  clamps,  by  means  of  which  the  rate  of  vibration  can  be 
changed  by  altering  their  position  upon  the  limbs  of  the  fork. 
The  highest  note  obtainable  with  this  instrument  is  one  of 
sixty-four  vibrations  per  second.  This  instrument  will  enable 
the  observer  to  determine  defects  in  the  transmission  of  the 
lower  notes  of  the  scale,  a  condition  which  is  characteristic  of 
the  lesions  of  the  conducting  apparatus.  It  may  not  be  possi- 
ble for  him  to  determine  the  lower  tone  limit,  as  it  may  tie 
above  the  highest  note  obtainable  with  this  fork;  but  if  the 
lower  lone  limit  lies  above  64  V.  D.,  the  inference  must  be 
that  the  sound-conducliuK  apparatus  is  not  in  a  normal  con- 
dilion.  For  the  dctenninaliun  of  the  upper  tone  limit  the 
observer  must  be  provided  with  a  Gallon  whistle.  The  modi- 
fied form,  devised  by  the  author  and  shown  in  Fig.  62,  gives 
a  greater  range  than  the  original  instrument  of  Gallon,  anti  is 


F10.  63, — T}i«  aullior's  motlilication  of  ihr 
U  all  on  whistle, 

preferable  when  only  a  limited  number  of  tuning  forks  are 
at  hand.  This  whistle  enables  tests  to  be  made  through  a 
compass  of  from  about  sixteen  hundred  and  seventy-seven  vi- 
brations per  second  to  about  forty  thousand  vibrations  per 
second,  the  increased  length  of  the  instrument  augmenting 
the  compass;  it  thus  supplies  the  place  of  the  higher  tuning 
forks. 

For  the  determination  of  bone  conduction,  if  but  one  in- 
strument is  to  be  used,  the  C  fork,  making  512  V.  D.,  is  the 
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best  lor  general  use,  since  its  construction  is  comparatively 
simple,  and  overtones  interfere  but  little  with  its  primary 
note.  The  insirument  (Fig.  63)  devised  by  Blake,  and  mak- 
ing 256  V.D.,  is  also  exceedingly  well  adapted  to  this  pur- 
pose. In  this  fork  the  overtones  arc  avoided  by  increasing 
the  weight  of  the  branches  at  their  free  ex- 
tremities. With  these  three  instruments  a 
fairly  accurate  functional  examination  can 
be  made,  and  the  deductions  drawn  from 
the  data  thus  obtained  will  scarcely  ever  be 
misleading.  A  more  extended  examination 
will  simply  confirm,  in  most  instances,  the 
opinion  already  formed  as  the  result  of  the 
investigation  with  the  above  limited  num. 
ber  of  instruments.  It  is  of  advantage,  of 
course,  to  have  appliances  at  hand  for  the 
prixluction  of  all  the  notes  of  the  musical 
scale,  and  Bezold  **  has  devised  a  scries  of 
tuning  forks  and  of  wind  instruments  which 
produce  musical  notes  on  the  principle  of 
a  closed  organ  pipe,  and  by  which  the  in- 
vestigator can  obtain  any  note  of  the  scale 
between  the  high  and  low  limits  of  audition. 
The  scries  consists  of  eight  tuning  forks, 
two  organ  pipes,  and  one  Galton  whistle. 
Even  for  a  very  exhaustive  investigation 
of  any  case  it  is  scarcely  necessary  to  multiply  the  arma- 
mentarium to  this  extent,  since  by  means  of  the  low  fork 
already  mentioned,  together  with  the  modified  Galton  whistle 
and  the  series  of  five  forks  recommended  by  Hartmaim  f  (Fig. 
64),  perlccily  satisfactory  work  can  be  done. 

Each  of  the  five  forks  in  this  set  is  tuned  to  the  note  C ; 
the  lowest  fork  making  one  hundred  and  twcnly-tight  vibra- 
tions per  second,  while  the  highest  registers  two  thousand 
and  forty-eight  vibrations  per  second,  each  fork  being  tuned 
an  octave  higher  than  the  one  below  it.  This  particular  range 
Is  chosen  as  it  includes  those  fundamental  notes  which  may 
be  called  essential  to  perfect  audition — that  is.  the  range  of 
notes  employed  in  ordinary  conversation.    In  addition,  the 


Fic.  ftj. — Rhke'&iun- 
tng  fork.  TtiE  rale 
of  vibrtiion  indU 
citnl  on  tlie  handle 
(Sia)KfeTa  tciingle 
vibrations. 


II 


•  Archiv  nil  Ohrrnhrltk.  vol.  «»t.  p.  283. 
t  KwJ'  ■*«*  Obtc*.  Btflin.  1889,  p.  S«- 
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Fig.  64.^1 1  an  man  n't  scries  of  tuning  forlu. 


GaUon  whistle  will  enable  an  invcstigaUon  as  to  the  power 
of  the  patient  to  perceive  those  notes  of  the  scale  lying  above 

the  highest  fork  of  the 
Ilartmann  series.  I  have 
employed  Ihtsc  instru- 
ments for  some  time,  and 
have  seldom  been  misted 
in  the  deductions  made 
from  the  results  thus  ob- 
tained. 

In  making  these  quali* 
tativc  tests  certain  pre- 
cautionary measures  arc 
accessary  :  for  example, 
to  avoid  the  production 
of  overtones  in  using  the 
large  tuning  fork  with 
the  clamps  so  placed  as 
to  produce  the  lowest 
obtainable  rate  of  vibra- 
tion— that  is.  twenty-six  vibrations  per  second.  If  care  is 
not  taken,  an  overtone  will  be  produced  when  the  fork  is 
struck,  and  this  may  be  perceived  by  the  patient  to  the  ex- 
elusion  of  the  very  low  primary  note  of  the  fork.  In  every 
instance,  therefore,  the  observer  should  make  certain  by  hold- 
ing the  vibrating  fork  for  a  moment  before  his  own  ear  be- 
fore it  is  used  to  test  the  patient,  that  the  primary  note  alone 
is  elicited.  It  must  also  be  remembered  in  testing  air  con- 
duction with  tuning  forks,  that  the  fork  may  be  held  in  front 
of  the  car  in  such  position,  that  its  note  will  not  be  |)€rceircd, 
on  account  of  the  interference  of  the  sound  waves,  which 
completely  neutralize  each  other  and  cause  absolute  silence. 
This  phenomenon  depends  entirely  upon  certain  physical 
facts,  as  pointed  out  long  ago  by  Weber.*  That  this  inter- 
ference may  take  place  the  fork  is  held  so  that  either  of  the 
four  angles  of  the  parallelogram  inclosed  by  the  branches 
is  directed  toward  the  meatus.  During  the  complete  rota- 
tion of  the  fork  upon  its  long  axis,  therefore,  there  will  be 
four  periods  during  which  the  note  is  heard,  alternating  with 
four  periods  of  complete  silence.     It  is  hardly  necessary  to 
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say.  in  conducting  the  functional  examination,  that  care  mubt 
in  any  case  be  exercised  that  each  of  these  pusitions  is  avoided. 
Urbantschitsch  •  has  also  demonstrated  that  when  the  vibrat- 
ing fork  is  carried  toward  the  ear  from  before  backward  Jt  is 
not  heard  as  it  passes  the  anterior  and  posterior  margins  of 
the  meatus,  and  the  same  phenomenon  is  observed  as  it  passes 
the  superior  and  inferior  boundaries  of  the  meatus,  if  carried 
from  above  downward. 

In  testing  absolute  bone  conduction  it  often  happens  that 
the  patient  confuses  the  feeling  of  vibration  communicated  by 
the  instrument  to  the  cranial  twnes  with  the  perception  uf  the 
tone  H'hich  it  produces.  This  is  particularly  true  when  forks 
of  tow  pitch  arc  employed  in  making  tests,  and  in  cases  of  al- 
most absolute  deafness.  The  first  error  can  be  avuidcd  by 
using  a  fork  of  higher  pitch,  the  second  by  bringing  the  vibrat- 
ing fork  in  contact  with  some  other  portion  of  the  body,  as, 
for  instance,  by  pressing  the  handle  upon  the  elbow  or  knee, 
and  questioning  the  patient  as  to  whether  itie  sensation  is  ex- 
actly the  same  as  when  the  instrument  is  applied  to  dilTcrent 
parts  of  the  crnnium.  If  it  is,  it  naturally  follows  that  he  has 
confused  the  tactile  sensibility  with  the  auditory  sense,  and 
his  statements  arc  consequently  unreliable. 

It  should  also  be  remembered  that  the  feeling  ol  vibration 
is  much  more  marked  when  the  handle  oi  tlie  fork  is  slender 
than  when  it  is  of  ainsiderable  thickness,  and  this  should  be 
borne  in  mind  in  selecting  an  instrument  for  testing  bone 
conduction. 

In  using  the  Galton  whistle  the  instrument  is  held  close 
to  the  entrance  of  the  canal  and  the  current  of  air  is  so  regu- 
lated as  to  produce  the  most  perfect  musical  note  obtainable 
with  the  scale  in  any  given  position.  Mere  the  individual 
tested  may  not  distinguish  between  the  blowing  sound  pro- 
duced by  the  air  and  the  high-pitched  musical  note  which  he 
should  bear.  If  the  length  of  the  tube  is  increased  so  that  a 
distinct  whistle  is  at  6rst  heard  and  then  gradually  reduced 
by  advancing  the  obturator  by  turning  the  screw,  thus  pro- 
ducing notes  successively  higher  in  pitch,  he  will  easily  dis- 
tinguish the  point  at  which  the  whistling  sound  disappears 
and  the  blowing  or  puffing  sound  is  heard.  If  the  screw  is 
then   turned   in  the  opposite  direction   until   the  whistling 


*  I^hrb.  dar  Ohrmhoilk.,  Vi«nti«.  iSqo,  p,  37, 
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sound  is  again  perceived,  a  reading;  of  the  scale  will  givi 
true  upper  tone  limit.  Further,  the  patient  should  be  made 
to  describe  the  character  of  the  sound  in  his  own  words  and 
without  any  suggestion  on  the  part  of  the  surgeon,  as  the 
latter  can  easily  infer  from  the  reply,  whether  the  impression 
is  that  of  a  musical  note  or  simply  the  blowing  due  to  the 
current  of  air. 

It  would  seem,  lhcrefore,_a  matter  of  no  great  difliculty  to 
make  a  fairly  accurate  difTcrcntiation  between  diseases  of  the 
sound-conducting  and  sound  perceiving-apparatus.  We  meet 
with  a  large  class  ol  cases,  however,  in  which  both  portions 
of  the  auditory  organ  are  at  fault,  the  perceptive  apparatus 
being  secondarily  affected  as  the  result  of  pathological  condi- 
tions in  the  sound-conducting  mechanism.  Here,  then,  the 
results  ot)Lained  by  the  above  tests  may  be  confusing.  In 
order,  therefore,  to  interpret  correctly  the  data  obtained  from 
such  an  examination,  it  is  necessary  to  inquire  somewhat 
closely  into  the  causes  which  arc  operative  in  the  production 
of  the  phenomena  already  described. 

It  is  conceded  that  the  augiuentation  of  bone  conduction 
in  pathological  conditions  of  the  meatus  and  middle  ear  which 
cause  an  obstruction  to  the  passage  of  sonorous  waves  inward, 
is  due  to  the  fact  that  it  prevents  the  passage  of  undulations  out- 
ward from  the  ear  when  the  vibrating  body  is  brought  in  con- 
tact with  the  cranial  bones  in  the  same  manner  as  it  offers  a 
barrier  to  their  propagation  in  the  opposite  direction  when  the 
source  of  sound  is  held  near  the  meatus.  Stcinbruegge*  con- 
siders that  the  absolute  or  relative  increase  in  the  bone  con- 
duction in  these  cases  is  due  to  a  condition  of  hypera.'sthcsia 
of  the  auditory  nerve  resulting  from  the  mechanical  irritation 
to  which  its  terminal  fibres  are  subjected.  While  this  condi. 
tion  ol  increased  irritability  may  be  present  in  many  cases,  it 
is  certainly  not  the  cause  of  the  increased  bone  conduction 
in  most  instances,  other  symptoms  of  auditory  hypcrscnsitivc- 
ncss  being  wanting  in  many  cases.  Further,  an  examination 
of  the  condition  ol  the  auditory  nerve  by  means  of  the  gal- 
vanic current  fails  to  support  Steirbruegge's  hypothesis. 

Gradenigof  has  shown  that  lesions  of  the  conducting  ap- 
paratus do  in  some  instances  cause  the  auditory  nerve  to  re- 
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spond  more  easily  to  the  galvanic  current  than  under  normal 
conditions;  and  this  tact  should  be  remembered,  as  it  enables 
us  to  interpret  results,  which  would  otherwise  seem  contra- 
dictory, obtained  by  functional  examinations  in  certain  cases. 

The  experiments  of  Sicbenmann*  demonstrate  that  an 
increase  in  the  labyrinthine  pressure  prolongs  bone  conduc- 
tion, as  evidenced  by  an  examination  before  and  after  Vat- 
salva's  inflation  (the  latter  procedure,  as  is  well  known,  in- 
creasing the  tension  of  the  labyrinthine  fluid).  In  cases 
where  the  membrana  tympani  had  been  destroyed  the  laby- 
rinthine pressure  was  Increased  by  pressing  the  head  of  the 
stapes  inward  by  means  of  a  probe. 

We  should  expect,  therefore,  lo  find  a  prolongation  of  the 
interval  during  which  the  tuning  fork  is  heard  when  brought 
in  contact  with  the  cranial  bones,  in  all  cases  where  speculum 
examination  shows  either  a  depressed  drum  mcmbranc.or  the 
presence  of  adhesions  within  the  tympanum,  drawing  the 
ossicular  chain  toward  the  inner  tympanic  wall.  This  is  usu- 
ally the  case,  but  occasionally  we  find  that  the  reverse  is 
true.  The  latter  condition  can  be  explained  upon  the  hy- 
pothesis that  the  condition  of  increased  tension  has  lasted  so 
long  that  the  function  of  the  auditury  nerve  has  been,  to  a 
certain  extent,  ablated  by  the  mechanical  pressure,  and  that 
the  case  is  no  longer  one  of  intratympanic  disease  pure  and 
simple,  but  that  an  actual  pathological  condition  is  present 
within  the  labyrinth,  dependent  upon  the  disturbance  «ithin 
the  middle  ear. 

When  the  intratympanic  changes  are  comparatively  sud- 
den, as  in  cases  of  simple  congestion  and  oedema  of  the 
Eustachian  tube  with  displacement  of  the  drum  membrane 
and  of  the  entire  ossicular  chain  inward,  we  observe  that,  in 
addition  to  an  augmentation  of  bone  conduction,  the  upper 
tone  limit  is  usually  considerably  lowered.  This  is  easily 
explainable  when  we  remember  that  the  highest  notes  of  the 
scale  arc  perceived  by  the  lowest  portion  of  the  cochlea. 
This  portion  of  the  labyrinth,  lying  as  it  docs  in  Immediate 
rchtion  to  the  foot  plate  of  the  stapes  and  the  membrane  of 
the  round  window,  will  be-easily  affected  not  only  by  changes 
in  the  position  of  the  base  of  the  stapes  and  ol  the  membrana 
tympani  sccondaria,  but  also  by  circulatory  disturbances 


l62 


FUNCTIONAL   EXAMINATION. 


within  the  tympniium.  Il  is  not  strange,  therefore,  that  the 
very  highest  notes  of  the  scale  should  be  no  longer  heard 
when  any  sudden  change  ot  position  lakes  place  in  the  ossi- 
cular chain,  or  when  the  tympanic  muctuis  mcmhranc  be- 
comes engorged  with  blood,  interfering  with  the  motility  of 
the  ossicles.  If  the  interference  with  the  function  of  tlie 
cochlea  depends  simply  upon  a  slowly  incrciising  pressure. 
the  cqutlihrium  of  the  labyrinth  is  but  slightly  disturbed, 
owing  to  tlic  direct  communication  ot  both  the  cndolymphic 
and  perilyrnphtc  sj>aces  with  the  lymph  channels  witliin  the 
cranial  cavity.  In  such  cases,  therefore,  very  little  disturb- 
ance of  the  upper  tone  limit  is  observed,  although  tlic  intra- 
tynipanic  structures  may  be  completely  bound  down  by  adhe- 
sions and  drawn  inward  toward  the  external  labyrinthine 
wall.  The  channels  of  communication,  however,  between 
the  labyrinthine  and  intracmnial  lymphatic  spaces  are  so 
narrow,  that  any  sudden  increase  of  pressure  causes  a  dis- 
turbance of  ecjuilibrium  in  the  labyrinthine  fluid,  and  hence 
lowers  the  upper  tone  limit.  It  is  wise,  in  view  of  this  inti- 
mate association  between  the  labyrinth  and  the  tympanum, 
U)  repeat  the  qualitative  tests  after  a  restoration  of  the  nor- 
mal air  pressure  within  'the  tympanum  by  inflation,  to  guard 
against  all  possibility  of  error. 

In  addition  to  the  tests  given  above,  mention  should  be 
made  of  certain  olhcr  methods  ol  investigation  which  lie  at 
our  disposal  in  making  a  differential  diagnosis.  Among  the 
most  important  of  these  are  the  following; 

Bine's  *  fixpcrmt-Nt. —  This  test,  first  described  by  the 
above-named  author,  is  essentially  a  modification  of  Weber's 
experiment.  It  is  conducted  .is  follows:  A  vibrating  tuning 
fork  is  applied  either  to  the  foreheail  or  vertex  in  the  median 
line,  and  Is  held  in  this  position  until  its  note  is  no  longer 
perceived.  If  at  this  moment  the  finger  is  inserted  into  the 
external  auditory  can.il  ol  cither  side,  the  note  of  the  fork 
will  again  be  heard.  This  second  interval  during  which  the 
fork  is  perceived  is  called  the  period  of  secondary  perception 
for  the  tone.  If  the  cond.icling  apparatus  is  normal  this  sec- 
ond.iry  perception  interval  is  well  marked  ;  while  if  its  dura- 
tion is  shortened,  the  presence  of  some  obstructive  lesion  of 
the  conducting  mechanism  may  be  inferred.     If  the  interval 
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of  secondary  perception  is  of  normal  duration,  while  at  the 
same  time  there  is  an  interference  with  the  auditory  appara- 
tus, as  evidenced  by  subjective  or  objective  symptoms,  the 
conducting  mechanism  must  be  in  a  normal  condition,  and 
the  scat  o(  the  morbid  process  must  lie  within  the  labyrinth  in 
the  auditory  nerve  or  be  due  to  changes  within  the  cerebral 
hemispheres  or  medulla. 

GftWs  Test. — Gell^  *  proposes  to  test  the  mobility  of  the 
ossicular  chain,  and  especially  of  the  stapes,  by  compressing 
the  air  in  the  external  auditory  meatus  and  observing  the 
cflcct  upon  the  perception  of  the  note  of  a  tuning  fork  in  con- 
tact with  the  skull.  If  the  foot  plate  of  the  stapes  is  movable, 
with  each  condensation  of  air  within  the  meatus  the  sound  of 
the  fork  becomes  much  diminished  in  intensity  or  may  be  lost, 
reappearing  again  as  the  pressure  is  relieved.  The  condensa- 
tion is  effected  by  means  of  a  small  nir  bag  provided  with  a 
flexible  rubber  tube,  the  free  extremity  of  which  carries  a 
conical  tip  which  can  be  inserted  air-tight  into  Ihe  canal.  If 
the  labyrinth  is  affected,  either  primarily  or  secondarily,  the 
tone  will  also  be  diminished,  but  the  increase  in  pressure  will 
produce  a  sense  of  dii^ziness  and  .sometimes  tinnitus.  • 

Rohrcrf  considers  this  test  valuable  when  taken  in  con- 
necticm  with  Rinne's  test.  According  to  his  investigations, 
when  Rinne's  experiment  was  negative  Gell6"s  test  yielded  a 
negative  result  in  seventy-three  per  cent  of  the  cases  tested 
and  a  positive  result  in  but  twenty-three  per  cent.  When 
Rinne's  test  was  positive  Gcll^'s  test  yielded  negative  results 
in  twelve  per  cent  and  positive  results  in  eighty-eight  per 
cent  of  the  cases  examined. 

The  patients  selected  in  these  experiments  of  Rohrer*s 
were  cases  in  which  the  hearittg  was  very  much  impaired — so 
much,  in  fact,  as  to  make  it  more  than  probable  that  a  laby- 
rinthine lesion  co-existed  with  the  pathological  process  within 
the  tym|>anum.  Rohrcr  lay.s  particular  stress  upon  the  value 
of  Gcll^'s  experiment  in  determining  the  secondary  involve- 
.mcnt  of  the  labyrinth  following  an  inflammatory  process 
within  the  middle  car,  in  which  case  Rinne's  lest  very  fre- 
quently yields  negative  results;  if  Gell^'s  test  gives  negative 
results  as  well,  the  inference  that  the  labyrinth  is  allected  is 

'  Triliunc  miftlical.  Oct.  3).  lS8f. 
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fully  warranted.  In  cases  where  the  hearing  is  very  much 
impaired,  and  Rinne's  test  is  positive.  Gcll^'s  test  is  also 
usually  positive,  ii  the  labyrinth  is  affected. 

EitflhtTg's  Tfsf. — Another  experiment,  calculated  to  differen- 
tiate between  It-sions  of  the  labyrinth  and  those  of  the  middle 
car,  is  that  ol  Eitclbcrg.*  It  depends  upon  the  principle  that 
a  nerve  continuously  irritated  by  any  one  stimulus  becomes 
fatigued  after  a  certain  time  and  performs  its  function  less 
readily.  It  follows,  therefore,  that  when  the  perceptive  tract 
is  in  an  abnormal  condition  this  eftL'ct  will  be  produced  more 
readily  than  in  a  «ate  ol  perfect  health.  In  performing  the 
test  a  large  tuning  fork  is  made  to  vibrate  in  front  of  the  ear 
for  a  period  of  fifteen  or  twenty  minutes,  the  Instrument  be- 
ing set  in  vibration  repeatedly  by  as  nearly  as  possible  the 
same  initial  force  as  soon  as  its  oscillations  become  weak.  U 
alter  the  nerve  has  been  subjected  to  this  continuous  stimulus 
the  perception  interval  has  not  been  much  shortened,  the  re- 
ceptive apparatus  is  assumed  to  be  in  a  normal  condition.  As 
the  value  of  this  test  depends  greatly  upon  the  intelligence 
of  the  patient,  its  application  is  somewhat  limited.  A  much 
simpler  demonstration  of  auditory  fatigue  is  constantly  pre- 
sented,  in  cases  where  prolonged  testing  with  sounds  which 
are  of  a  similar  character  as,  for  instance,  the  watch,  acoumeler, 
or  the  whisper  yield  results  which  differ  greatly  from  each 
other,  and  the  ability  to  perceive  the  sound  steadily  decreases 
as  the  patient  becomes  fatigued.  We  often  note  a  similar  con- 
dition oi  the  nerve  in  what  may  be  termed  the  persistence  of 
an  auditory  impression  ;  for  instance,  in  testing  a  patient  with 
the  watch  it  will  oltcn  be  stated  that  the  sound  is  heard  either 
after  the  watch  h;is  been  slopped  or  has  been  removed  to  such 
a  distance  that  it  is  impossible  for  the  sound  to  be  heard. 
This  depends  upon  the  fact  that  an  impression  once  made 
upon  the  auditory  centres  is  retained  by  them  (or  a  longer 
period  than  normal,  demonstrating  the  fact  that  they  are  no 
h>nger  in  a  state  of  health. 

Grad^nigo's  /"w/.—Gradenigo  f  finds  in  cases  in  which  the 
acoustic  nerve-trunk  is  affected  that  it  quickly  loses  its  power 
of  reacting  to  sonorous  slimuli  if  the  <piality  nf  the  sound 
remains  unchanged.     In  other  words,  the  nerve  is  quickly 


•  Wien,  merf.  Pfes»e,  1SB7,  No.  10. 

t  Itandliuch  der  Ohitnlicilk.    Von  SchwarlM,  Lctpiic  169),  vol.  ii,  p.  403. 


I 
I 
I 


GRADENIGOS  TEST. 


165 


fatigued.  !(,  however,  it  is  aliowed  to  rest  for  a  short  tirac. 
it  is  again  able  to  perform  its  Junction.  The  simplest  method 
of  practicing  this  test  is  by  the  use  of  a  tuning  fork  of  about 
fifteen  hundred  or  two  thousand  vibrations  per  second  as  the 
source  o(  sound.  Such  a  fork  is  perceived  from  fifty  to  sev- 
enty seconds  under  normal  conditions.  In  cases  of  torpidity 
of  itie  auditory  nerve,  if  this  fork  is  set  in  vibration  and  held 
close  to  the  car  its  note  ceases  to  be  audible  after  a  much 
shorter  interval.  If  it  is  now  removed  a  short  distance  from 
the  car.  for  a  lew  seconds,  and  agiiin  carried  cliise  to  the 
meatus,  it  will  be  again  perceived.  Tliis  mnna-uvrc  may  be 
repeated  several  times  during  one  period  of  vibration  of  (lie 
fork.  It  seems  that  tlie  auditorj-  nerve  when  in  this  condition 
is  easily  fatigued,  but  after  an  interval  of  rest  it  may  react 
to  a  weaker  stimulus  than  that  which  failed  to  excite  it  SLfter 
it  had  been  subjected  to  that  one  for  a  certain  time. 

Gradcnigo*  asserts  that  when  the  auditory  nerve  trunk  is 
involved  the  interference  with  function  is  particularly  marked 
for  the  tones  ol  the  middle  portion  nf  the  scale,  the  very  high 
and  very  low  tones  being  well  perceived. 

In  all  ol  these  tests,  dependence  must  be  placed  upon  the 
statements  of  the  patient,  and  much  of  the  accuracy  must  de- 
pend upon  the  intelligence  and  the  correctness  with  which 
he  answers  questions.  Methods  have  been  tlcvised  In  avoid 
the  necessity  of  introducing  this  clement  of  error  in  dclcr- 
mining  the  location  of  the  morbid  process.  Thus  Lucaef 
conducted  an  exhaustive  scries  of  experiments  with  an  instru- 
ment which  he  termed  the  interference  otoscope.  The  device 
consisted  of  a  tuning  fork,  the  vibrations  of  which  were  main- 
tained at  a  constant  amplitude  by  the  action  of  the  electric 
current.  The  fork  was  placed  so  that  its  vibrations  were 
collected  by  a  funncl-shapc<i  receiver,  the  smaller  end  of 
which  was  prolonged  as  a  flexible  tube  terminating  in  three 
branches.  One  of  these  terminal  divisions  was  inserted  into 
each  external  auditory  meatus  of  the  patient,  while  the  third 
was  inserted  into  cither  auditory  canal  of  the  examiner.  It  is 
thus  seen  that  the  vibrations  of  the  fork  would  be  conveyed 
through  the  tubes  to  both  cars  of  the  patient  and  to  the  car 
of  the  examiner  as  well.    Any  obstruction  in  the  sound-con- 
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ducting  apparatus,  as  we  know,  renders  the  transmission  of 
vibratory  impulses  more  difficult  in  proportion  to  the  degree 
of  obstruclion.  and,  as  the  sound  perceived  by  the  examiner 
represents  not  only  the  vibrations  coming  directly  to  his  ear 
— from  the  fork — but  also  the  waves  reflected  from  (he  cars 
of  the  patient,  it  would  be  possible,  by  alternately  closing 
the  tubes  upon  the  one  side  and  the  other,  to  estimate  any 
variation  in  the  intensity  of  the  sound  thus  produced.  It  is 
evident  that  the  sound  would  be  more  intense  in  proportion 
as  the  transmitting  mechanism  oRered  an  obstruction  to  the 
inward  progress  of  the  impulses.  In  other  words,  the  more 
intense  soimd  should  come  from  the  poorer  ear  if  the  conduct- 
ing apparatus  alone  were  afTected.  Great  care  must  be  taken, 
in  conducting  this  test,  that  the  tubes  of  the  binaural  stetho- 
scope shall  be  exactly  equal  in  length,  and  also  that  the  ear- 
pieces shall  tit  the  meatus  exactly,  in  order  that  all  of  the 
reflected  waves  may  pass  backward  through  the  tube  and  into 
the  ear  of  the  examiner.  This  test  has  been  somewhat  modi- 
fied by  Jankan  •  in  the  following  manner: 

A  vibrating  tuning  fork  is  placed  upon  the  vertex  of  the 
patient  and  the  receiver  is  dispensed  with,  while  the  auscul- 
tation tube  of  the  examiner  terminates  in  a  Y  tube,  the  free 
extremities  of  which  join  the  tubes  occluding  the  external 
canals  of  the  patient  as  in  the  other  instrument.  Under  these 
conditions  the  tone  conveyed  to  the  ear  of  the  examiner  is 
rC'Cnforced  by  the  action  of  the  external  meatus,  which  acts 
as  a  rcsonaHir,  augmenting  the  sound  of  the  fork.  Under 
normal  conditions,  both  ears  being  the  same,  there  is  no  ob- 
struction to  the  vibrations  through  the  cranial  bones  to  the 
labyrinthine  fluid,  IrtMii  which  Ihcy  arc  communicated  to  (he 
ossicular  chain,  to  the  mcmbrana  tympani,  and  in  turn  to  the 
air  in  the  canat,  which  rc-enforces  the  sound  by  its  action  as 
a  resonator.  If,  however,  an  obstruction,  due  to  an  increased 
tension  of  the  labyrinthine  fluid,  exists,  which  prevents  the 
passage  of  the  sound  waves  outward  from  the  labyrinth  to 
the  ossicular  chain,  this  resonant  action  will  to  an  extent  be 
diminished,  and  the  observer  will  perceive  that  the  sound 
fnmi  this  side  is  less  intense.  In  other  words,  the  weaker 
sound  will  come  from  the  poorer  car,  if  the  impairment  of 
function  is  due  to  incre^iscd  labyrinthine  tension.     If.  on  the 
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Other  hand,  the  vibrations  of  the  labyrinthine  fluid  are  not 
impeded,  but  the  tympanic  structures  external  to  ihc  stapes 
arc  in  a  state  of  increased  tension,  the  resonant  action  of  the 
canal  will  be  increased  on  account  of  the  rigidity  of  its  walls, 
the  condition  favoring  a  more  perfect  reflection  of  the  sound 
waves;  in  which  case  the  stronger  lone  will  come  from  the 
poorer  ear.  jankau's  clinical  investigations  and  experiments 
seem  to  confirm  this  supposition. 

The  diflficulty  of  avoiding  errors  of  experiment  arc  so  con- 
siderable here  that  the  chief  use  of  the  procedure  will  be  as  a 
confirmatory  test. 

The  CaSvanic  Reacthn  of  the  Auditory  .Wrtv. — As  has  been 
slated,  the  auditory  nerv<j  differs  very  little  from  other  spe- 
cial or  general  structures  of  a  similar  nature.  In  the  study 
of  nervous  diseases  in  general,  great  attention  haK  been  paid 
to  the  reactions  of  nerve  tissue  under  clectric.il  stimulation, 
and  the  changes  in  the  electrical  phenomena  which  morbid 
processes  cause.  Special  attention  was  given  by  Brenner* 
to  Ihc  effect  produced  by  the  galvanic  current  upon  the  audi- 
tory nerve,  and  he  was  the  first  to  formulate  the  reaction  ol 
the  normal  acoustic  nerve.  According  to  this  author,  upon 
the  application  ol  the  galvanic  current,  a  sharp  sound  is  pro- 
duced ai  ihc  moment  of  cathodal  closure  {c,  c),  which,  as  the 
current  is  continued,  is  transformed  into  a  continuous  sing- 
ing sound  (c.  d.).  At  the  moment  o(  cathodal  opening  (c.  o.) 
the  singing  ceases  abruptly.  Anodat  closure  (a.  c.)  produces 
no  sound,  and  the  period  of  silence  is  continued  as  long  as 
the  current  passes  in  this  direction  (a.  d.).  Upon  anodal 
opening  (a.  o.)  a  low  sound  is  perceived  similar  in  quality  to 
thai  heard  at  cathodal  closure,  but  of  less  intensity.  The 
strength  of  the  current  in  milMampSres  represents  the  strength 
of  the  current  necessary  to  excite  the  acoustic  nerve.  If  after 
cathodal  closure  the  current  is  allowed  to  pass  for  a  few  sec- 
onds and  the  circuit  is  then  broken,  it  will  be  found  that  a 
Current  of  less  intensity  is  necessary  to  excite  an  auditory  im- 
pression than  in  the  first  instance.  The  same  follows  if  the 
experiment  Is  repeated  for  the  third  time.  These  variations  in 
the  strength  ol  the  current  represent  the  primary,  secondary, 
and  teriiarv  electric  irritability  of  the  auditory  nerve.    Under 
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ordinary  conditions,  the  nerve  requires  so  strong-  a  current  to 
produce  an  auditory  impression  upon  it,  as  to  make  it  nec«. 
sary  lo  conclude  the  experiment  before  the  reaction  is  ob- 
tained, on  account  of  the  pain  which  the  passage  of  the  cur- 
rent causes.  The  primary  irritability,  however,  should  not 
fall  below  six  milHamp^rcs.  In  conditions  of  hypcncsthcsia 
the  primary  irriiabitity  will  be  found  much  below  this  figure; 
while  in  cases  of  torpidity  of  the  nerve  this  normal  limit  is 
exceeded. 

In  the  absence  of  a  large  galvanic  battery,  a  simple  storage 
battery  of  from  four  to  eight  volts  furnishes  sufficient  current 
to  enable  one  to  make  all  oi  these  tests;  it  is  necessary  to  com- 
bine in  the  circuit  a  reliable  rheostat  and  a  milliamp^re-melre. 
The  current  obtained  in  this  manner,  while  not  of  great 
strength,  is  ample  for  the  purpose  and  possesses  the  advan- 
tage of  not  being  liable  to  the  variations  in  intensity  which  we 
so  often  5nd  when  the  dip  cell  is  used. 

Some  of  the  dry  cells  ncnv  offered  for  sale  also  furnish  a 
convenient  means  for  securing  a  reliable  current  with  the  ex- 
penditurc  of  but  a  trifle.  Twelve  dry  cells  furnish  a  current 
sufficient  for  taking  the  galvanic  reactions  of  the  auditory 
nerve.  In  no  instance  should  the  car  be  subjected  to  the 
action  of  the  electric  current  for  purposes  of  cither  diagnosis 
or  thcrapcusis  without  including  a  rheostat  in  the  circuit,  by 
which  its  intensity  can  be  controlled.  In  employing  the  gal- 
vanic  current  as  a  means  of  diagnosis  it  is  also  essential  that 
a  milliamp6rc-metre  be  added  to  estimate  quantitatively,  the 
current  causing  special  phenomena. 

Considerable  difference  of  opinion  exists  as  to  the  proper 
methrnl  of  applying  the  electrodes  in  conducting  the  tests. 
According  to  the  choice  of  the  examiner,  the  electrode  applied 
lo  the  ear  may  be  placed  cither  upon  the  side  of  the  face  just  in 
front  of  the  tragus,  or  it  may  be  placed  over  the  entrance  of  the 
canal,  which  has  been  filled  with  water ;  or  the  canal  may  be 
hllcd  with  water  and  the  electrode  immersed  in  this,  care  be* 
ing  taken  that  it  is  insulated,  so  as  not  to  come  in  contact  with 
the  walls  ol  the  meatus.  The  circuit  is  completed  by  means 
of  a  broad  electrode  placed  upon  an  indifferent  region,  some- 
times on  the  back  of  the  neck  and  sometimes  held  in  the  hand. 

The  experiments  of  Gradenigo*  are  of  considerable  in. 
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tcrcsl.  in  that  they  demonstrate  not  only  the  reaction  of  llic 
acoustic  nerve  to  electrical  stimuli,  but  also  seem  to  prove  con- 
clusively thai  auditory  liyptra;slhcsia  is  not  the  cause  of  the 
iatcralizaliun  uf  the  tuning;  fork  in  aflectionsof  the  midcllt;  car. 
The  investigations  of  this  writer  show  that  while  the  sound 
maybe  referred  tothehypera'sthcticside.il  is  often  latcralizcd 
when  no  hypen-eslhcsia  exists,  or  the  sound  may  be  referred 
to  one  side  even  when  hyperesthesia  exists  upon  the  other. 

Another  interesting  result  demonstrated  by  these  expcri- 
menis  is  the  (act  that  electric  stimulation  of  the  nerve  of  one 
side  often  increases  the  susceptibility  of  the  opposite  nerve  to 
the  action  of  the  current. 

The  remarks  made  concerning  the  electric  acoumetcr  ap- 
plies to  the  employment  of  the  galvanic  tests — viz.,  that  al- 
though valuable,  the  nielliud  is  tr>o  cump1icatc<l  tn  admit  of 
genera]  use,  and  the  amount  ut  additional  information  gained 
by  it  scarcely  compensates  for  the  extra  time  required  for  its 
application.  We  shall  therefore  rely  principally  upon  the 
power  of  audition  for  lower  notes,  the  hearing  power  for  high 
notes,  the  absolute  bone  conduction  and  a  quantitative  dctcr- 
minaiiun  ol  the  integrity  of  audition  by  means  of  the  whis- 
per, in  arriving  at  an  opinion  concerning  the  location  of  any 
lesion.  To  these  may  properly  be  added  cither  Eilelbcrg's 
test  or  that  of  Gradenigo,  to  aflord  information  concerning  the 
case  with  which  the  nervous  apparatus  becomes  exhausted  by 
prolonged  stimulation  as  comp}arcd  with  the  normal  org;m 
under  similar  conditions.  The  data  furnished  by  these  latter 
tests,  however,  may  be  frequently  quite  as  well  obtained  by 
>bMrving  closely  the  behavior  of  the  patient  during  a  pro- 
lotiged  functional  examination.  When  the  perceptive  appa- 
^ratus  is  in  an  asthenic  ccmdition,  it  will  be  found  that  pro- 
longed qualitative  and  quantitative  tests  are  followed  by  a 
marked  diminution  in  the  ability  of  the  patient  lo  perceive  a 
given  sound,  demonstrating  very  clearly  that  the  continuous 
stimulation  to  which  the  nerve  tissues  have  been  subjected, 
has  ablated  their  power  to  a  marked  extent. 

It  should  be  remembered  that  under  normal  conditions 

excitation  of  the  perceptive  tract  renders  it  more  sensitive  in 

Ljcsponding  to  stimuli,  as  is  clearly  shown  by  the  experiments 

'of  Urbaiitschitsch.*    The  statement  already  made  in  considcr- 
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ing  the  electrical  irritabiiity  of  the  auditory  nerve  is  no  less 
true  of  the  response  of  the  nerve  structures  to  sonorous 
stimuli — that  is,  a  sounding  body  allowed  to  vibrate  before 
one  ear  may,  to  a  marked  degree,  influence  the  perceptive 
power  of  the  organ  on  the  opposite  side.* 

*  Utbantschitscfa,  Lehrbucb  dcr  Ohrenheilkonde,  Vienna,  1890,  p.  417. 
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/.    D/SEASES  OF   THE  AURICLE. 
CHAPTER   V. 

CONGENITAL  MALKORMATIONS  OF  THE  AURICLE. 

Anv  malformation  of  the  external  ear  at  birth  has  for  a 
I  long  time  been  considered  somowhAt  indicative  of  the  pres- 
ence ol  some  correspondinpf  roental  Impairment.    That  mental 
weakness,  defects,  or  per  versions  ulten  accompany  such  anum- 
Fa.Ious  anatomieat  conditions  is  a  matter  of  experience ;  "that  the 
two  always  occur  together,  however,  is  by  no  means  true. 

Concerning  the  classification  of  these  malformations  we  can 
divide  Ihem  into: 

I.  Dcformiticsof  particular  parts  of  the  auricle,  the  exter- 
nal ear  as  a  whole  maintaining  its  general  outline. 

II.  An  anomalous  shape  or  a  malposition  of  the  entire 
auricle,  including  variations  in  size,  or  in  the  angle  ol  attach- 
ment to  the  skull. 

III.  The  presence  of  some  anomalous  anatomical  condi- 
tion, such  as  certain  supernumerary  appendages,  fistulx,  etc.. 
in  the  region  of  the  ear.  the  auricle  being  present  either  in  its 
normal  form  or  being  more  or  less  altered  in  shape. 

IV.  A  condition  of  asymmetry  between  the  organs  of  the 
opposite  sides. 

Since  the  last  group  is  of  but  little  importance,  it  may  be 
disposed  of  in  a  few  words.  Occxsionally  we  find  one  auricle 
cither  ytvy  large,  or.  on  the  other  hand,  while  normal  in  con- 
tour, uniformly  reduced  in  size  without  any  other  departure 
(rum  the  normal  standard.  Such  a  condition  can  be  looked 
upon  nnlv  as  a  "  freak  of  Nature,"  and  is  in  no  way  associated 
with  mental  impairment,  nor  can  any  definite  cause  be  as- 
«I^ed  lor  its  existence  in  many  cases.  When  met  with  in 
IS  ortf 
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the  adult,  a  careful  investigation  of  the  previous  history  may 
reveal  some  injury  in  childhood  which  had  been  forgotten, 
and  the  deformity,  which  at  first  was  cotisldered  congenital, 
really  depends  upon  a  tniumalic  cause. 

I.  Deformities  of  particular  parts  of  the  auricle,  the  ex- 
ternal ear  as  a  vrhole  maintaining  its  general  outline. 

Anomalies  of  the  i/t-iix. — The  so-called  Darwinian  car  and 
the  satyr  ear  arc  C3:amplcs  of  moderate  anomalies  of  this 
character.  Wagenhaiiscr  *  has  reported  an  instance  in  vvhicli 
the  upper  part  of  the  helix  was  absent  on  both  sides,  while 
Stctterfand  SchubertJ  have  reported  instances  in  which 
the  helix  was  abnormally  developed,  hanging  downward  and 
forward  as  a  flap.  In  Stetter's  case  the  antihelix  was  also  in- 
volved, and  the  deformity  was  so  extensive  as  to  obslnicl  the 
entrance  to  the  meatus.  Relief  was  obtained  by  a  plastic 
operation. 

Attomalits  of  the  Antihelix. — When  the  antihclix  is  strong. 
ly  developed  it  may  project  beyond  the  line  of  the  helix  l») 
such  an  extent  as  to  constitute  a  deformity.  This  is  mt^t 
noticeable  when  the  auricle  is  viewed  from  behind.  Grade- 
nigo  has  observed  this  condition  more  frequently  in  females 
than  in  males,  and  cutisidcrs  it  more  commoQ  among-  the 
criminal  and  insane  than  among  others.  In  a  case  observed 
by  the  author  the  antihelix  projected  fully  one  eighth  of  an 
inch  above  the  plane  of  the  helix,  and  a  condition  of  asvtn- 
nietry  was  also  present,  the  anomalous condilion  being  pariic- 
ularly  well  marked  upon  the  left  side;  upon  this  side  also 
the  lobule  was  small  and  terminated  abruptly  at  the  aniiiragus. 
The  intellect  was  normal. 

Sometimes  an  abnormal  development  of  the  superior  crus 
ol  the  anthelix  pushes  the  helix  upward  and  forward,  giving 
rise  to  what  is  called  the  pointed  car. 

Anomaiies  of  th<  LobuU. — The  lobule  is  abnormally  large 
in  the  black  race,  reaching  such  a  development  among  the 
Kaffirs  that  by  piercing  it  tn  a  particular  manner  a  sufhcLcntly 
capacious  cavity  is  formed  wilhin  the  lobule  to  serve  as  a 
pouch  for  carrying  tobacco. 

Occasionally  the  lobule  is  wanting,  as  in  a  case  reported 

*  Arcliiv  riir  Ohrenheilkundc,  voL  xia,  p.  j^ 

t  [hill.,  vol.  mti.  p.  qz. 

\  Ibid  ,  vol.  xxil,  ppi.  SI.  S3- 
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by  Binder.*  while  Szcncsf  mt-nlions  ;in  instance  in  which  the 
lobule  was  rudimcnlary  ;  there  was  alsn  an  alwcncc  of  the  ex. 
tcrnal  auditory  meatus  and  a  faulty  development  of  the 
corresponding  side  ol  the  (ace.     Probably  the  most  frequent 


yia.  6$. — Anomttloui  diviiion  of  the  aniiheln  into  Ihree  cnirn,  the  lower  or  which 
jaint  the  criita  heltcU.     (From  n  jibuiogrftph.) 

dcformitv  in  this  region  is  cleft  lobule,  the  appeanince  re- 
sembling closely  that  seen  when  the  lobule  has  been  torn  in 
the  direction  ol  its  long  axis,  by  the  foixiblc  removal  o(  an  car. 
ring  (rom  the  car. 

Aftomalits  of  the  Tragus. — The  tragus  may  extend  back- 
ward and  be  of  such  size  as  ti>  ufTcr  an  actual  (ihstructinn  to 
the  entrance  of  sound  waves  into  the  mcaHiis.  McUridcJ  has 
observed  a  case  in  which  there  was  a  rudimentary  tragus  as- 
sociatcd  with  other  abnormities  of  development. 

Anomaliis  of  the  A>uiir<igus. — Malformation  here  is  exceed- 
ingly rare.  Szencs*  observed  an  instance  in  which  two  spurs 
of  cartilage  projected  from  the  antitragus  into  the  canal. 


*Arch,  tUc  ISychialric.  1BS7,  vol.  xx,  p.  S. 
f  Aich.  fQr  Ohtenheilkundc.  vol.  tiiv.  [).  iSs- 
t  EiliiihuT]*!]  Med.  Juiimal,  Ajiril.  1881. 
*Areh.  furOhrcnIicilkundc,  tuI.  xxti,  |i.  140. 
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II.  An  anomalous  shape  or  a  malposition  of  the  entire 
auricle. 

This  condition  in  its  mosl  pronounced  form  is  commonly 
known  as  microtia,  and  depends  upon  an  arrest  or  perversion 
oi  the  process  of  development  which  results  in  so  complete  a 
mallormation  ihal  the  distinctive  parts  of  the  external  ear  arc 
no  longer  well  defined.  The  condition  may  be  unilateral  or 
bilateral,  and  is  frequently  associated  with  co-existent  malfor> 
mation  o(  the  deeper  parts  ol  the  auditory  apparatus.  For 
(his  reason  the  condition  merits  special  attention.  Microtia  is 
associated  in  the  majority  of  instances  with  a  complete  ab- 


\. 


Fio.  66.— Microtia. 


sence  of  the  external  auditory  meatus,  or,  in  cases  where  tTie 
canal  exists,  it  is  a  rudimentary  structure  ;  the  ossicular  chain 
is  frequently  poorly  developed  or  absent,  and  an  anomalous 
condition  is  citmniou  in  the  labyrinth  as  well. 

The  deformity  may  not  be  confined  to  the  car  alone,  but 
the  entire  side  of  the  face  may  be  poorly  developed.  The  ap> 
pcarances  vary  greatly  in  different  cases,  and  an  attempt  to 
describe  them  would  be  but  a  recital  of  particular  instances. 

Fig.  66  is  a  photograph  of  a  patient  dying  a  few  houre 
alter  birth.  This  case  was  observed  by  a  colleague,  to  whom 
I  am  indebted  for  this  photograph.  As  may  be  seen,  there  is 
marked  deformity  ol  the  external  ear,  the  upper  portion  of 
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Ihc  auricle  being  (olded  forward  upon  ilsell,  so  that  the  helix 
^¥as  adherent  along  its  anicro-superior  border,  to  the  iiilegu- 
nieni  in  the  preauricular  region. 

Fig.  64/1  shows  a  cungenital  asymmetry  and  deformity  ol 
the  auricle,  while  in  Fig.  6§,  there  was  an  aimmalutis  division 
o(  llic  antchflis  into  three  crura. 

Treatment— Where  the  deformity  is  but  moderate  an  at- 
tempt at  correction  by  a  plastic  operation  may  be  made  in 
early  childhood.  Kegardinp  any  attempt  to  form  an  artifi- 
cial meatus,  the  results  have  been  so  unsatisfactory  that  it  is 
seldom  desirable  to  opemte  for  this  purpose.  If  the  rudi- 
mcntary  canal  is  present,  its  size  may  he  increased  by  surgical 
measures,  but  the  frequent  malformation  of  the  deeper  struc- 
tures commonly  renders  the  operation  futile  in  improving  the 
(unction  of  the  organ.  If  any  atlcnipl  is  to  he  made  lo  restore 
the  patency  of  the  canal,  it  shoiilil  be  delayed  until  the  patient 
is  old  enough  to  give  information  in  regard  to  the  power  of 
sound  perception  cither  through  the  air  or  through  the  era. 
nial  bones.  The  technique  of  the  operation  for  re-cstabiishinjj 
the  meatus  will  be  described  under  polyotia.  The  plastic 
operation  on  the  auricle  for  the  relief  of  the  delormity,  how- 
ever, may  be  done  very  early.  When  a  high  degree  of  de- 
formity is  present,  it  seems  advisable  to  excise  the  entire  au- 
ricle and  supply  its  place  by  an  artificial  device  rather  than 
attempt  its  restoration  by  surgical  measures,  which  will  at 
ihe  hcst  leave  a  misshapen  organ. 

From  a  practical  point  of  view,  one  of  the  most  interesting 
conditions  included  En  this  group  ts  that  in  which  the  angle 
between  the  organ  and  the  lateral  aspect  of  the  skull  is  con- 
siderable. This  constitutes  a  deformity  amenable  to  treat- 
incnt.  and.  especially  in  the  female  sex.  one  for  which  wc  arc 
'occasionally  consulted.  If  noticed  in  infancy,  or  even  in  early 
childhood,  the  simplest  plan  for  correction  is  to  coat  the  pes- 
lerior  aspect  of  the  auricle  and  the  adjacent  cutaneous  surface 
iif  the  head  with  collodion,  the  ear  being  then  pressed  to  the 
side  of  the  head  and  held  in  position  until  it  adheres.  If  nee 
essarj-,  several  light  strips  of  gauze  may  be  passed  over  the 
top  of  the  auricle,  holding  it  closely  to  the  side  of  the  head, 
and  fastened  with  colItKiion.  Persistence  in  this  plan  of  treat- 
ment will  usually  be  successful  in  correcting  the  condition. 
In  adult  life  little  can  be  gained  by  this  method,  and  resort 
must  be  had  lo  some  operative  measure.    This  is  best  effected 


178    CONGENITAL   MALKORMATIONS  OF  THE    AURICLE. 


by  removing-  an  elliptical  segment  of  the  iotcgumcnt  from  the 
posterior  surface  of  the  auricle,  the  posterior  incision  passing 
just  beyond  the  line  of  attachment  to  the  auricle;  the  integU; 
nient  is  then  dissected  up  irom  the  posterior  surface  of  the 
auricle  for  a  sufficient  distance  to  permit  of  an  approxima- 
tion of  the  edges  of  the  wound.  Occasionally  it  is  necessary 
to  excise  a  segment  of  the  cartilaginous  framework  as  well, 
in  order  that  ihc  car  may  be  restored  to  the  proper  position. 
Usually  the  difTicuUy  is  sufficiently  well  overcome  by  approxi- 
mating the  edges  ol  the  cutaneous  wound  without  removing 
any  of  the  cartilaginous  framework,  the  tension  due  4o  the 
elasticity  of  the  cartilage  being  easily  overcome  by  the  su- 
tures. Under  aseptic  precautions  and  with  care,  a  perfect  po> 
sition  can  be  secured.  General  anaesthesia  is  usually  neces- 
sary, although  it  is  possible  to  perform  the  operation  under 
local  ana'Slhcsia.  It  is  well  to  operate  upon  the  two  organs 
separately,  using  the  first  as  a  standard  to  which  the  other  is 
made  to  conform. 

III.  The  presense  of  some  anomalous  anatomical  condi- 
tion, such  as  supernumerary  appendages,  fistulic,  etc.,  in  the 
region  of  the  ear,  the  auricle  being  present  either  in  its  nor- 
mal form  or  being  more  or  less  misshapen. 

Arinctt/tir  Appemiagcs,  the  Gtiit-ral  Form  of  tht  Ear  being 
freservai. — Abnormities  belonging  to  this  class  arc  the  sin»- 
plest  with  which  we  have  to  deal.  The  most  frequent  region 
for  the  appearance  of  supernumerary  appendages  is  the  re- 
gion of  the  tragus.  A  case  of  this  sort  occurring  in  my  own 
practice  is  shown  in  Fig.  67.  The  prominent  cartilaginous 
process  constituting  the  deformity  was  located  just  above 
the  right  tragus,  was  about  three  fourths  of  an  inch  in  length, 
and  projected  forward  and  outward.  The  tragus  itself  could 
be  fell,  but  was  rudimentary. 

Barth*  cites  an  instance  in  which  a  rudimentary  mam- 
mary gland  was  located  just  below  the  lobule  upon  one 
side. 

A  condition  belonging  to  this  class  constitutes  what  is 
known  as  "  tislula  congenita  auris"  (Fig.  68),  Its  occurrence 
is  due  to  an  arrest  in  development  of  the  auricle  itself,  or,  as 
is  believed  by  some,  it  indicates  an  incomplete  closure  of  the 
first  visceral  cleft  during  foetal  life.     That  this  is  considered  a 

•  Virchtiw's  Arcfajv,  vol  lil,  pott  iu. 
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somewhat  rare  malforrnation  is  probabl)'  due  to  the  fact  that 
it  seldom  gives  rise  to  symptoms,  and  consequently  many 
cases  pass  unnoticed.  Four  cases  of  this  deformity  came 
under  my  own  observation  during  a  period  of  about  a  year. 
Fig.  68  represents  an  appearance  which  is  fairly  typical.  The 
deformity  may  occur  either  upon  one  side  alone,  or  it  may  be 
bilateral,  [none  of  my  cases  the  fistula  was  located  just  above 
the  tragus,  while  in  another  the  orifice  ol  the  tract  was  situ- 
ated one  inch  above  this  point  and  presented  an  opening 
about  one  sixth  ol  an  inch  in  diameter  through  which  a  probe 
could  t>c  passed  downward  and  inward  for  half  an  inch.     On 


a 


Fir.  b7.^Auric(ibr  *pp«n<l«{«. 


Via.  6S.— Fistula  congenita  lurit, 
(a,  fibula.) 


the  opposite  side  the  site  of  the  fistula  was  occupied  by  ashal. 
low  depression  which  did  not  admit  even  the  finest  probe. 
Occasionally  a  slight  discharge  exudes  Irom  the  orifice  of  the 
fistula,  and  in  a  case  reported  by  Fllliger*  the  appearance  of 
a  purulent  discharge  from  such  a  source  was  always  preceded 
by  acute  pain  in  the  ear.  Where  the  walls  of  the  sinus  se- 
crete, a  blocking  ol  the  orifice  may  cause  a  retention  cyst  of 
considerable  dimensions.  An  instance  of  this  is  cited  by  Ur- 
ban tsctiilsch.f  The  most  common  location  for  such  fistula 
is  in  the  vicioit}'  of  the  tragus,  although  they  are  occasionally 


*  McnatMchrifi  fUr  Ohrcnhcllkunde.  1874,  Na  1 1. 
f  Lehibuch  der  Obr«nh«llk.,  third  edillon.  i6go,  p.  94. 
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met  ivnth  in  the  helix  and  in  other  localities.     Burnett  *  states 
that  these  fistulfc  may  lead  into  the  tympanic  cavity. 

Treatment. — The  appendages  should  be  removed  by 
means  of  the  knife.  The  operation  is  exceedingly  simple. 
When  they  present  in  the  region  of  the  tragus  it  is  well  in 
excising  the  growth  to  form  a  tegumentary  flap  from  the  cov- 
ering of  the  anterior  surface  of  the  appendage,  which  can  be 
folded  backward  over  the  stump,  bringing  the  line  of  the  su- 
ture  close  to  the  entrance  of  the  meatus,  as  the  cicatrix  is  less 
visible  in  this  position. 

Fistula  congenita  auris  demands  no  treatment  excepting 
in  those  instances  where  a  retention  cyst  has  been  formed  by 
the  occlusion  of  the  orifice  of  the  sinus.  This  condition  is  re- 
lieved by  a  simple  incision  and  the  evacuation  of  the  contents 
of  the  tumor,  the  walls  being  curetted  with  a  sharp  spoon  to 
secure  an  oblitcraHon  of  the  cavity. 

Polyotia. — This  term  is  applied  to  a  congenital  deformity 
in   which,  in  addition   to  microtia,   certain   supernumerary 

growths  are  met  with  in 
the  immediate  vicinity  of 
the  ear,  but  entirely  distinct 
from  the  deformed  auricle. 
Occasionally  they  occur 
with  a  perfectly  normal  au- 

•  ricle,  the  fact  that  they  are 
not  attached  to  it  distin. 
guishing  them  from  the  au- 
ricular appendages  already 
described.  The  condition 
issumetimcs  associated  with 
congenital  aural  fistula,  as 
in  the  case  reported  by 
Biirkncr.t  The  deformity 
may  be  bilateral  or  unilat- 
eral, and  the  supplementary 
organ  may  present  a  variety  of  shapes,  the  most  common 
being  that  of  a  small  wartlike  excrescence  situated  upon  the 
check  in  front  of  the  external  meatus.  When  this  multiple 
deformity  exists  there  is  usually  considerable  variation  in 
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Flo.  69.— Pftlyotii. 


*  A  Trcfttisc  on  the  Ear,  Philftdelphift,  1BS4,  p  %Xl. 
\  Arckiv  fUr  Obrcnhcilkunde,  toL  ssii,  p.  SOU 
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size  and  shape  between  the  members  ol  the  group.  As 
already  slated,  a  normal  auricle  is  seldom  found,  although 
this  may  be  the  case.  The  condition  usually  occurs  in  con- 
nection with  microtia.  An  instance  of  tliis  kind,  observed  by 
me,  is  depicted  in  Fig.  69.  The  auricle  upon  the  affected  side 
was  represented  by  a  cutaneous  fold,  beneath  which  there  was 
a  cartilaginous  framework.  This  was  bent  forward  upon  ihe 
cheek,  covering  the  normal  siteuf  the  meatus.  Upon  the  pos- 
terior surface  there  was  a  wcll-dcfincd  groove  between  the 
cartilaginous  and  noncartilaginou.'i  portion.  About  three 
fourths  of  an  inch  in  front  of  the  anterior  margin  of  this  de< 
formed  auricle  was  a  small,  wartlike  prominence  representing 
a  second  and  rudimentary  pinna,  it  being  situated  too  far  ante- 
riorly to  represent  the  tragus.  The  fibro-cartilaginous  lamella 
already  mentioned  was  freely  movable,  and  just  beneath  its 
attachment  a  slight  depression  could  be  felt.  It  was  impossi- 
ble to  determine  whether  the  external  auditory  meatus  was 
present  or  not.     The  car  of  the  opposite  side  was  normal. 

The  remarks  made  under  microtia,  regarding  a  faulty 
development  or  a  comjilete  absence  of  the  deeper  portions  of 
the  auditory  apparatus  apply  equally  well  to  the  condition 
of  polyotia. 

Treatment — The  small  supernumerary  appendages  are 
usually  easily  removed,  where  they  are  large  enough  to  con- 
stitute a  serious  deformity.  The  disfigurement  which  they 
cause  is  usually  slight,  however.  For  a  correction  of  the 
larger  malformed  mass  remaining,  a  plastic  operation  may  be 
attempted,  although,  as  in  niicrtJtia,  more  satisfactory  results 
may  be  expected  by  a  complete  removal  of  the  deformed 
member,  its  place  being  supplied  by  an  artificial  substitute. 
Concerning  the  esiablishnient  of  the  meatus  surgically,  the 
remarks  already  made  under  micrutia  ap[)ly  equally  well 
here.  Even  if  it  is  possible  to  construct  the  meatus,  it  is 
scarcely  pos.siblc  to  secure  a  condition  of  permanent  patency. 
When  it  seems  desirable  to  attempt  this  operation  the  tech- 
nique is  as  follows : 

The  field  of  operation  being  rendered  thoroughly  aseptic 
by  shaving  the  parts  and  clcansinf;  them  with  soap  and  water, 
and  subsequently  with  ether,  an  incision  is  made  just  behind 
Llhe  attachment  of  the  deformed  pinna.  The  soft  parts  are 
^divided,  exposing  the  bone,  after  which  the  anterior  flap,  in. 
eluding  the  periosteum,  is  turned  forward  upon  the  cheek,  ex- 
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posing  the  region  normally  occupied  by  the  external  auditory 
canal.  A  thorough  search  must  next  be  made  for  any  open- 
ing in  the  bone  which  may  represent  a  rudimentary  meatus, 
and  if  such  a  channel  is  discovered  it  should  be  cautiously  en- 
larged, by  means  of  cither  chisels  or  burs,  the  latter  being 
propelled  by  an  ordinary  dental  engine  or  an  electric  motor. 
When  no  fistula  is  present  the  bone  may  be  cautiously  exca- 
vated in  the  region  corresponding  to  the  proper  position  of 
the  meatus.  Great  care  is  necessary  during  the  entire  pro- 
cedure, as  damage  may  be  done  to  important  adjacent  struc- 
ture&  A-fter  the  canal  has  been  formed  our  means  for  secur> 
ing  its  pntency  will  consist  in  the  insertion  of  an  alumiiiiuro  or 
rubber  tube,  which  will  separate  the  opposite  raw  surfaces  and 
allow  the  deep  parts  lo  be  thoroughly  cleansed,  during  cica- 
trization. As  the  anterior  flap  when  replaced  would  cover 
the  newly  (ormcd  channel,  it  should  be  perforated  over  the 
orifice  of  the  meatus  by  making  two  Incisions  bisecting  each 
other  at  right  angles.  Four  triangular  flaps  arc  thus  formed, 
which  arc  to  be  inverted  into  the  orifice  of  the  canal  and 
maintained  in  position  for  the  first  few  days  by  a  gauze  pack- 
ing, alter  which  the  metal  or  rubber  tube  already  mentioned 
is  to  be  employed.  As  soon  as  healthy  granulations  spring 
up,  a  method  which  suggests  itself  as  exceedingly  feasible 
would  be  Thiersch's  method  of  skin  grafting,  as  we  might 
thus  hope  to  secure  a  tegumentary  lining  to  the  passage  and 
prevent  its  contraction  during  cicatrization.  Such  an  opera- 
tion sliould  only  be  performed  at  the  earnest  solicitation  of  the 
parents,  in  the  case  of  a  child,  or,  if  the  patient  has  reached 
adull  life,  only  after  the  extreme  uncertainty  of  the  result  has 
been  fully  explained. 


CHAPTER  VI. 


WOUNDS  AND  INJURIES  OF  THE  AURICLE. 

It  is  seldom  that  we  see  incised  or  punctured  wounds  in 
this  particular  portion  of  the  body,  althoug-h  occasionally  we 
arc  called  upon  to  treat  deformity  which  has  resulted  from 
wounds  of  this  char.ictcr  inflicted  at  some  preceding  period. 
Here  the  ordinary  rules  of  plastic  surgery  will  enable  us  to 
secure  satisfactory  results.  In  performing  any  plastic  opcrai 
tion  upon  the  auricle  it  is  well  to  remember  that  when  the 
entire  thickness  of  the  externa!  car  is  involved  all  sutures 
should  be  inserted  upon  the  posterior  surface  of  the  organ, 
accurate  approximation  of  the  cutaneous  edges  being  secured 
by  passing  the  stitches  deeply  into  the  cartilaginous  frame- 
work, but  not  bringing  them  out  through  the  integument 
covering  the  anterior  surface. 

In  the  treatment  of  lacerated  wounds,  which  are  more 
frequently  met  with,  wc  should  attempt  to  save  as  much  tis- 
sue as  possible,  erring  rather  in  this  direction  than  in  that 
of  removing  any  part  which  possibly  may  possess  sufficient 
vitality  (o  survive.  The  edges  of  the  wound  should  be 
thoroughly  cleansed,  and  as  a  primary  procedure  a  few  sutures 
may  be  applied,  holding  the  parts  as  nearly  as  possible  in 
their  normal  position.  It  is  a  simple  matter  after  the  circula- 
tion lias  been  thoroughly  re-established  to  secure  a  more  exact 
approximation  and  relieve  whatever  deformity  may  be  present. 
As  the  auricle  is  composed  so  largely  of  cartilage,  any  severe- 
bruising  of  the  tissue  is  likely  to  be  followed  by  a  sharp  peri- 
chondritis, and  unless  there  is  so  much  laceration  as  to  conlra- 
indicatc  the  plan,  it  is  well  to  anticipate  such  an  attack  by  the 
employment  of  cold  locally  for  the  first  twenty-four  hours 
alter  the  injury  has  been  received  ;  subsequently  proper  atten- 
tion may  be  given  to  the  correction  of  deformity. 

Contused  wounds  of  the  auricle  without  laceration  of  the 
integument  arc  of  frequent  occurrence.     Such  an  injury  re- 
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suits  either  in  the  formation  of  a  hematoma— an  effusion  of 
blood  bent-'ath  the  perichondrium — or  in  an  acute  perichon- 
dritis; in  either  case  the  appearance  is  almost  identical.  The 
injured  region  is  occupied  by  a  somewhat  spherical  tumefac- 
tion, the  normal  outline  entirely  disappearing.  Upon  palpa- 
tion we  discover  that  the  contents  of  the  tumor  are  evidently 
fluid.  The  surlace  varies  considerably  in  color,  according 
to  the  particular  manner  in  which  the  injury  was  inflicted, 
and,  to  a  less  extent,  the  character  of  the  Ruid  contained.  If 
this  is  blood,  the  surface  is  of  a  dull  deep-red  color,  while  if 
the  tumefaction  is  an  evidence  of  a  pcrichondritiie.  with  an 
effusion  of  serum,  the  surface  is  of  a  much  lighter  tint,  being 
cither  of  a  bright-rose  tinge,  or  occasionally  not  differing 
widely  from  the  integument  covering  the  unaffected  portion 
of  the  member.  Either  condition  may  rem.iin  tjuiescent  (or  a 
long  period  ;  may  disappear  spontaneously,  leaving  but  slight, 
or  marked  deformity ;  or,  as  a  third  possible  termination,  the 
contents  may  suppurate  and  be  evacuated  spontaneously. 

Where  the  contents  consist  of  cxtravasatcd  blood  the  car- 
tilaginous framework  has  usually  been  fractured,  and  certain 
portions  will  almost  inevitably  become  necrotic  and  exfoliate 
with  the  production  of  considerable  deformity.  On  the  other 
hand,  a  simple  perichondritis,  where  no  fracture  has  taken 
place,  may  disappear  without  seriously  changing  the  contour 
of  the  ear. 

Among  professional  wrestlers  and  boxers,  the  ear  is  fre. 
quenlly  subjected  to  violence  not  sufficicnl  to  produce  an 
acute  perichondritis,  but  enough  to  cause  a  mild  inflammation 
of  the  perichondrium,  so  slight  as  to  give  rise  neither  to  dis- 
comfort to  the  patient  nor  to  appreciable  deformity  immedi- 
ately after  the  injury.  This  chronic  inflammation  finally  gives 
to  the  ear  an  appearance  which  is  somewhat  characteristic, 
known  as  "  prize-fighter's  ear,"  all  the  delicate  outlines  of  the 
anterior  surface  of  the  pinna  being  obliterated  by  the  deposit 
of  new  tissue  in  various  localities.  Occasionally  the  deformity 
reaches  such  a  high  degree  as  to  resemble  closely  the  condi- 
tion resulting  from  a  severe  acute  perichondritis  with  cartilagi- 
uous  necrosis. 

Treatment — The  treatment  of  an  acute  perichondritis  re- 
sulting from  contusion  consists,  first,  in  the  local  application 
of  cold,  provided  the  case  is  seen  within  1  wcnty-four  hours  alter 
the  injury  has  been  inflicted.     During  this  period  the  effusion 
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Fifi.  ;o.— Aural  ice  big. 


"or"serum  will  scarcely  reach  any  considerable  amount,  and 
our  efforts  shoulei  be  directed  1«  the  purpose  of  preventing 
the  extravasation  of  fluid.  The  most  convenient  way  of  ap- 
plying cold  is  by  means  of  the  ice  bag, 
shown  in  Fig.  70.  The  mastoid  region 
should  b«  covered  by  a  pad  o(  cotton 
so  as  to  support  the  bag  against  the 
posterior  surface  of  the  auricle,  wliilf 
the  anterior  surface  may  be  covered  by 
a  small  Rat  ice  bag. 

When  seen  at  a  later  period  and  after 
effusion  has  taken  place  efforts  should 
rbe  directed  toward  the  relief  of  the  de- 
formity. It  is  a  simple  matter  to  as- 
pirate  the  effused  fluid,  and  cause  the 
auricle  to  resume  a  perfectly  normal  ap- 
pearance, but  unfortunately  the  result  is  often  but  temporary, 
effusion  taking  place  again  very  soon.  It  is  scarcely  neces- 
sary to  say  that  in  aspirating  the  fluid,  strict  antiseptic  pre- 
cautions as  to  the  infitrumcnts  and  the  field  o(  operation 
should  be  observed.  Alter  the  operation,  it  is  well  to  insure 
close  contact  of  the  surfaces  which  have  been  separated  by 
the  effusion,  by  means  of  a  clamp,  the  simplest  device  being 
an  ordinary  wooden  spring  clothes-pin,  the  spring  being  so 
weakened  as  to  avoid  undue  pressure  upon  the  auricle,  while 
le  skin  is  protected  by  covering  the  anterior  and  posterior 

;ct  of  the  auricle  with  a  thin  pad  of  cutton.  Such  a  device 
may  be  worn  during  the  night,  and  may  prevent,  to  a  certain 
extent,  the  reappearance  of  the  effusion.  The  pressure  excites 
a  slight  inflammation,  which  may  cause  adhesion  of  the  sep- 
arated surfaces  and  effectually  prevent  a  reaccumulation  of 
fluid.  Unfortunately,  aspiration  is  not  attended  by  uniformly 
favorable  results,  and  after  it  has  failed  once  it  is  not  advis- 
able to  repeat  the  procedure. 

The  most  radical  and  satisfactory  plan  is  to  evacuate  the 
fluid  by  a  free  incision  so  as  to  expose  at  the  same  lime  the 
Interior  of  the  sac  sufficiently  to  permit  of  the  proper  treat- 
ment of  its  walls.  When  the  fluid  has  escaped  it  is  well  to 
curette  the  walls  of  the  sac  by  means  of  a  sharp  spoon,  after 
which  the  cavity  is  packed  with  iodoform  gauze,  the  aim  be- 
ing to  obliterate  the  space  by  graiiulatton.  In  opening  the 
cyst,  care  should  be  taken  to  make  the  lineof  incision  conform 
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of  the  natural  folds  of  the  auricle,  thi 


with  one  oi  ttie  natural  lolcis  ot  ttic  auricle,  thus  avoidiii|;  any 
deformity  from  the  cicatrix.  With  proper  care  in  conrliicting 
the  operation,  so  as  to  avoid  suppuration,  recovery  without 
appreciable  deformity  is  the  rule. 

When  the  case  is  seen  at  a  stilt  later  period,  and  where  ihc 
injury  has  been  so  severe  as  to  result  in  cartilaginous  necrosis, 
Ihc  only  procedure  available  is  that  ol  incision.  This  should 
be  free  enough  to  permit  of  the  removal  of  all  disintegrated 
cartilage,  softened  areas  being  scraped  with  a  sharp  spooo 
until  completely  healthy  tissue  is  reached.  The  subsequent 
treatment  is  the  same  as  that  ailvocated  above^ 

We  have  spoken  o(  the  various  wounds  which  may  occur 
in  this  region,  and  we  need  mention  only  those  injuries  which 
may  be  inflicted  either  by  the  potential  cautery,  by  chemical 
agents,  or  by  intense  cold.  Aside  from  the  destruction  of  tis- 
sue which  may  result  from  the  action  ol  the  potential  cauterjF, 
or  strong  acids  or  alkalies  upon  the  auricle,  the  effects  pro- 
duced resemble  closely  those  observed  after  severe  contusions. 
the  condition  being  essentially  one  of  perichondritis.  The 
wounds  caused  by  the  various  cscharotic  agents,  either  poten- 
tial or  chemical,  will  be  treated  upon  general  surgical  princi> 
pies.  The  most  common  example  ul  traumatism  comprised 
under  this  head  is  that  which  follows  exposure  to  intense  cold. 
When  the  ears  have  been  "  frozen,"  if  the  patient  presents  im- 
mediately, the  parts  should  be  restored  lo  their  normal  tem- 
perature gradually,  by  theapplicatitm  first  of  pounded  ice  and 
then  of  cold  water,  the  temperature  being  increa.sed  gnidually 
to  avoid  a  sudden  disturbance  of  circulation  in  the  part  af- 
fected. The  ultimate  result  of  a  prolonged  exposure  to  cold, 
may  be  a  perichondritis  followed  by  cartilaginous  necrosis  and 
the  formation  of  sinuses  upon  the  anterior  and  posterior  sur- 
faces ol  the  part.  Such  a  condition  is  to  be  dealt  with  surgi- 
cally :  the  sinuses  must  be  laid  open,  all  necrotic  tissue  re- 
moved, and  the  wound  be  allowed  to  heal  by  granulatioD.  If 
care  is  taken  but  little  deformity  need  result. 
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Intertrigo. — This  disease  is  observed  most  frequently  in 
young  children,  in  whom  it  is  caused  by  the  pernicious  habit, 
so  common  among  the  laity,  of  covering  the  cars  and  pressing 
them  close  to  the  side  of  the  head  by  means  of  a  tight  fitting 
cap  or  bonnet.  Among  the  poorer  classes  this  heaci-drcss  is 
worn  for  a  great  portion  of  the  twenty.foiir  hours.  This  habit 
is  persisted  in  both  in  summer  and  winter,  the  result  being  that 
the  cutaneous  surfaces  of  the  posterior  aspect  of  the  auricle 
and  of  the  adjacent  integument  of  ihc  head  are  kept  closely 
in  contact,  and  under  the  influence  of  the  natural  heat  and 
moisture  of  the  body.  The  result  is  a  desquamation  of  the 
superficial  epithelium  of  the  inlcgu(Jicnt,  leaving  the  deeper 
layer  of  the  skin  exposed  to  the  air.  When  this  has  occurred 
over  a  small  area  the  local  process  becomes  intensified  from 
the  hypersecretion  which  takes  place  from  the  denuded  sur- 
laces,and  from  the  mechanical  irritation  produced  by  the  child 
in  its  efforts  to  relieve  the  intense  itching.  When  seen  by  the 
physician  the  adjacent  surfaces  nf  the  auricle  and  of  the  side 
of  the  head  arc  reddened  and  moistened  with  scrum,  which 
has  transuded  freely.  There  is  no  thickening  of  the  integu- 
ment  over  the  affected  area,  a  fact  which  serves  to  distinguish 
Ihc  disease  from  eczema,  which  soon  follows  unless  relief  is 
obtained. 

Aside  from  the  mechanical  causes  lending  to  produce  the 
disease,  it  is  probable  that  the  condition  is  more  commonly 
found  among  poorly  nourished  children  than  among  those 
who  arc  well  cared  for.  An  hereditary  predisposition  can 
scarcely  be  said  to  cause  intertrigo,  although  it  is  more  com- 
mon where  there  is  a  hist(>ry  of  eczema  in  preceding  genera- 
lions  than  where  such  history  is  wanting,  the  cutaneous  struc- 
tures apparently,  being  more  easily  influenced  by  a  slight  local 
exciting  cause,  as  mechanical  irritation,  than  would  otherwise 
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be  the  case.  Lack  of  proper  attention  to  cleanltaess  is  na^ 
urally  an  important  (actor  as  well. 

The  treatment  consists  merely  in  keeping  the  denuded  sur- 
faces apart  and  protcctiiig  them  from  traumatism.  All  head 
gear  which  would  keep  these  surfaces  in  contact  should  bc 
discarded, and  thcaflectcd  areas  should  bcscparated  by  athio 
layer  of  gauze  smeared  with  vaseline,  cold  cream,  or  other 
bland  oleaginous  medicament.  In  mild  cases  merely  dusting 
the  surfaces  with  lycojuodium  powder,  finely  divided  zinc  ox- 
ide, zinc  oleatc,  subnitrate  of  bismuth,  or  one  of  the  various 
toilet  powders  in  common  use,  will  ordinarily  bc  sufficient  to 
ojrrect  the  trouble.  These  applications  relieve  the  itching, 
and  consequently  the  child  does  not  interfere  with  the  prog- 
ress of  the  disease  toward  spontaneous  recovery. 

Eczema.— This  disease  occurs  citherasanacute  or  chronic 
affection.  In  all  cases  probably,  there  is  either  some  heredi> 
tary  predisposition,  such  as  u  gouty  or  rheumatic  diathesis,  or 
some  disordered  condition  of  the  prima:  vias,  irregular  habits 
of  life,  improper  or  insufficient  food,  etc. 

In  addition  to  a  predisposing  cause  some  local  exciting  in- 
fluencc  can  usuall}'  be  made  out.  The  most  frequent  among 
these  is  a  discharge  from  the  external  auditory  meatus.  This 
condition,  while  in  the  vast  majority  of  cases  not  leading  to  an 
eczema  of  the  auricle,  causes  the  disease  in  those  predisposed 
to  it  on  account  of  the  reascms  named  above.  Among  chil- 
dren the  habit  of  covering  the  ears,  which  results,  as  already 
meulioncd.  in  an  intertrigo,  is  frequently  responsible  for  the 
appearance  of  eczema. 

At  the  beginning  of  an  acute  attack  there  is  usually  a  feel- 
ing of  burning  or  discomfort  in  some  portion  of  the  auricle, 
usually  in  those  regions  where  the  cutaneous  surfaces  arc 
somewhat  closely  opposed,  as  in  the  fossa  of  the  helix,  or  in 
the  fissure  i cite rt rag ici,  or  at  the  cjrifice  of  the  meatus,  or  just 
behind  and  below  the  lobule.  In  children  the  region  imme- 
diately behind  the  ear  is  a  favorite  location.  The  feeling 
of  discomfort  soon  changes  to  one  of  intense  pruritus.  To 
relieve  this  the  patient  scratches  the  part  vigorously,  in- 
creasing  rather  than  diminishing  the  local  hypcr;esthesia. 
The  affected  surface  becomes  reddened,  soon  loses  its  super- 
ficial  epithelial  layer,  is  moist  frfim  the  transudation  of  sc- 
rum, or  in  the  later  stages  may  bc  covered  with  crusts,  the 
removal  of  which  reveals  the  biight-red  color  of  the  inflamed 
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integument.  Instead  of  appearing  in  this  form,  wc  occasion- 
ally have  a  group  o(  vesicles  marking  the  affected  locality. 
These  vesicles,  by  inoculaiion  from  the  air,  soon  become  pus- 
tular, rupture,  and  give  rise  to  thick,  dirty  yelluwish  crusts, 
the  removal  of  which  is  frecjiiently  attended  by  slight  haemor- 
rhage. The  condition  constitutes  a  true  inflammation  of  the 
skin,  with  infiltration  o(  its  deeper  layers.  Palpation  reveals 
this  fact,  the  integument  feeling  thick  and  somewhat  stiff  over 
the  entire  affected  area,  this  sensation  diminishing  gradually 
as  the  healthy  integument  is  approached.  Where  a  local  cause 
is  the  most  prominent  factor  the  affection  is  tinilateral,  but 
where  a  strong  constitutional  clement  is  present  both  organs 
arc  affected  as  a  rule.  When  the  disease  begins  upon  the  auri- 
cle the  affection  frequently  spreads  to  the  canal,  producing 
symptoms  which  vfH\  be  described  later.  Frequently  after 
the  disease  has  persisted  for  some  time  the  superficial  cervical 
lymphatics  are  enlarged. 

In  the  chronic  form  of  the  disease  the  entire  auricle  may 
be  involved,  or  only  liniile<l  portions  of  it.  The  part  affected 
is  either  of  a  dull  pinkish  color,  the  surface  being  glossy  and 
pulishcd.  as  though  the  skin  were  very  thin  and  tightly  drawn, 
or  in  other  cases  the  superficial  epithelium  is  cast  ofl  too  rap- 
idly, covering  the  surface  here  and  there  with  minute  whitish 
crusts  or  scales.  From  the  efforts  of  the  patient  to  relieve  the 
pruritus  these  scales  are  picked  oti,  frequently  causing  a  slight 
abrasion  of  the  surface,  and  increasing  the  activity  of  the  local 
process.  On  palpation  the  skin  tecis  hard,  leathery, and  thick, 
especially  where  the  patient  has  subjected  it  to  mechanical  irri- 
tation for  the  relief  of  the  itching.  Over  the  unbroken  surface 
the  thickened  iniegument  has  a  peculiar  smooth,  glossy  feel. 
Dc  Rossi*  has  described  a  case  in  which  the  entire  cartilagi- 
nous framework  of  the  auricle  became  necrotic  as  the  result 
of  chronic  eczema.  It  seems  probable  that  there  must  have 
bccTi  some  underlying  cause  other  than  eczema,  to  produce 
this  destruction  of  tissue. 

Treatment.— Our  treatment  should  be  directed  to  the  re- 
moval of  the  local  exciting  cause  and  to  the  relief  of  the  con- 
stitutional element  of  which  the  disease  is  but  a  local  manifes- 
tation. Thus  in  the  acute  form  the  dietary  of  the  patient  will 
frequently  need  correction,  and  the  elimination  of  certain  arti- 
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cles  of  food  or  the  addition  of  others  will  be  followed  by  sat- 
isfactoty  response  to  local  applications.  Diathetic  cnndiiions 
must  be  managed  according  to  general  rules.  Moderately 
large  doses  of  alkalies,  cither  in  the  form  of  RochcUc  salts, 
bicarbonate,  acetate,  or  citrate  of  sodium,  frequently  bring 
about  a  favorable  termination  where  local  treatment  alone 
has  been  useless. 

Turning  to  the  local  measures  to  be  employed,  any  dis- 
charge from  the  meatus  must  receive  proper  attention,  as  its 
presence  excites  the  cutaneous  infiltration.  In  the  acute  form 
our  first  efforts  are  to  relieve  the  subjective  symptoms.  To 
this  end  cold  applications  in  the  form  of  evaporating  lotions 
are  of  service.  The  ordinary  lead  and  opium  wash  is  a  favor. 
ilc  remedy  in  the  acute  stage,  but  is  disagreeable  on  account 
of  the  color  which  it  imparts  to  the  skin,  and  because  of  its 
characteristic  odor.  Such  objections  do  not  apply  to  the  fol- 
lowing : 

9    Liquor  plumbi  subacetat 3  j  ! 

Bisnjuthi  subnilrat 3ss.; 

Morphine gr.  ij  ; 

Glyccrini 5  j : 

Aqua:  rosae q.5.ad  3  viij. 

M.  Sig. :  Apply  locally  as  a  wet  dressing.  Shake  before 
using. 

Instead  of  cold  applications,  better  results  are  sometimes 
obtained,  especially  where  the  thickening  is  inconsiderable  and 
the  discharge  from  the  surface  profuse,  by  employing  the  local 
remedy  in  the  form  of  a  powder  rather  than  as  a  solution. 
Here  we  may  use  the  oxide  of  zinc,  subnitratc  of  bismuth, 
starch,  lycopndiiim,  stearate  of  2inc,  etc.  Where  the  affection 
causes  a  most  intense  burning  of  the  skin  an  oleaginous  sub- 
stance  is  the  most  desirable  vehicle.  The  following  ointment 
may  be  used  : 

3  Bismuth  subnitratis 3ij; 

Acidi  borici 3j; 

Morphtn^e gr.  j  ;  ^^^H 

Unguenti  zinci  oxidi Jss. ;  ^^^B 

Petrolali q.  s.  ad  jj.  V 

The  same  emollient  effect  is  obtained  by  employing  the 
stearate  of  zinc  in  combinatiun  with  boracic  acid  and  sub- 
nitrate  of  bismuth,  and  the  oily  vehicle  is  avoided. 
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Owing  to  the  frequency  with  which  any  condition  attended 
with  an  increased  secretion  leads  to  the  development  of  an 
aspcrgillus  within  the  external  auditory  meatus,  it  is  advisa- 
ble i(  the  disease  continues  for  any  considerable  period  and  in- 
volvcs  the  parts  about  the  orifice  of  the  canal,  to  add  salicylic 
acid  to  any  oleaginous  preparation  which  may  be  employed 
as  a  local  application,  (or  the  purpose  of  preventing  the  dcvcl- 
opnicnt  of  such  a  parasite.  In  order  to  act  in  this  manner  the 
salicylic  acid  must  be  present  in  the  ointment  in  the  propor- 
tion of  about  one  and  a  half  to  two  and  a  half  per  cent,  a  de- 
gree ol  concentration  which  docs  not  act  as  an  irritant  to  the 
sensitive  cutLs.  Eitelberg*  has  employed  an  ointment  of  cre- 
olin  in  the  strength  of  about  two  per  cent  with  success. 
Where  crust  formation  is  a  prominent  feature  of  the  affection, 
as  occurs  when  the  aculc  stage  has  passed,  all  aqueous  solu- 
tions arc  conlraindicatcd.  The  crusts  should  first  be  removed 
by  softening  them  with  olive  oil  or  vaseline,  after  which  the 
surface  may  be  medicated  either  with  one  of  the  above  oint- 
ments or  with  a  proper  powder.  Salicylic  acid  in  alcohol  in 
the  strength  of  twenty  to  forty  grains  to  the  ounce  may 
occasionally  be  employed,  although  in  my  own  experience 
alcohol  has  proved  of  but  little  service  in  eczema  ol  the 
auricle. 

It  should  be  remembered  that  the  exposure  of  the  denuded 
surface  to  the  air  i.*;  umlcsirable,  and  that  the  affected  parts 
should  be  constantly  protected  by  some  non-irritant  or  slightly 
astringent  ointment,  such  as  the  oxide  of  zinc,  cold  cream,  or 
simple  vaseline. 

Nitrate  of  silver  in  aqueous  solution  has  many  advocates 
as  a  remedy  for  the  disease.  It  is  customary  in  using  this 
remedy,  to  begin  the  treatment  with  a  solution  of  about  ten 
grains  to  the  ounce,  the  strength  being  increased  until  thcdc- 
sired  eflcct  is  obtained.  ]  have  seen  excellent  results  follow 
the  application  of  such  a  solution,  after  the  thickening  has  been 
reduced,  as  the  stimulating  effect  of  the  astringent  lotion  has- 
ten.<;  the  development  of  a  protecting  epithelial  layer. 

Where  the  thickening  of  the  integument  is  marked,  a  con- 
dition which  must  exist  when  the  disease  has  persisted  for  any 
length  of  time,  it  will  be  impossible  to  effect  a  permanent  cure 
without  relieving  the  affected  area  ol  the  sertius  infiltration. 

•  Wien.  mcd.  Pre**.,  1888.  No.  13. 
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It  may  be  possible,  without  doing  this,  to  cause  a  temporary 
improvemcnl,  and  to  succeed  in  causing  the  part  to  become 
covered  with  a  thin  layer  of  superticial  epithelium ;  as  soon  as 
the  treatment  is  discontinued,  however,  the  disease  will  recur 
in  an  aggravated  form,  and  where  there  is  much  induration  wc 
should  direct  our  attention  to  this  at  once.  For  this  purpose 
the  area  involved  may  be  thoroughly  scoured  with  green  soap, 
the  alkali  which  this  contains  causing  a  temporary  stimulation 
of  the  surface,  through  which  the  tissues  are  relieved  of  the 
serous  in  lilt  rat  ion.  by  the  free  exudation  ui  fluid.  This  process 
may  be  repeated  every  second  or  third  day  until  the  integu- 
ment regains  its  normal  texture,  alter  which  the  use  of  emol- 
lient  and  astringent  applications  will  cause  a  speedy  return  to 
a  normal  condition,  and  cITcct  a  permanent  cure.  A  similar 
result  may  sometimes  be  obtained  by  an  ointment  containing 
chrysarobin,  or  pyrogallic  acid,  or  oil  of  cade.  The  ammoni- 
ated  mercurial  ointment  also  serves  a  similar  purpose.  My  best 
results  in  this  class  of  cases  have  been  obtained  by  employing 
the  acetiim  cantharidis,  which  quickly  relieves  the  engorge- 
ment of  thedeeper  layers  of  the  integument,  while  at  the  same 
time  the  intense  pruritus  is  alleviated.  Considerable  care  is 
to  be  exercised  in  applying  this  remedy,  since  if  it  is  used  in 
too  large  quantities  the  surface  may  be  blistered  and  the  pa- 
tient be  subjected  to  considerable  discomfort.  The  acctum 
canthuridis  is  to  be  applied  to  the  affected  areas  by  means  of 
a  cotton  mop,  the  parts  being  Brst  lightly  brushed  with  the 
solution  and  the  application  repealed  on  the  following  day  if 
no  effect  has  been  produced.  As  a  result  of  the  application 
of  this  remedy  a  free  serous  transudation  takes  place,  and  soon 
the  parts  become  covered  with  a  normal  epithelium,  the  ex- 
uded serum  drying  upon  the  surface  in  the  form  of  a  thin  yel- 
lowish crust,  which  c:in  either  be  removed  with  the  aid  of  the 
forceps  on  the  second  day,  or,  if  left  to  itself,  will  become  dis- 
integrated and  exfoliate  as  a  thin,  scaly  desquamation.  II  the 
action  of  the  cantharidcs  is  too  vigorous  the  application  oi 
some  oleaginous  preparation  for  twenty-four  hours  will  re 
lieve  all  discomfort.  The  applicnlion  of  the  cantharidcs  may 
be  repeated  at  frequent  intervals  until  the  infiltration  has  en- 
tirely disappeared. 

We  should  add,  in  closing,  that  constitutional  medication 
and  local  applications  must  go  hand  in  hand  in  combating 
the  aflection  under  consideration. 
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Pemphigus. — This  is  a  somewhat  rare  cutaneous  disease, 
but  is  occasionally  observed.  Its  characteristic  appearance 
differs  in  no  way  from  pemphigus  developing  upon  other 
portions  o(  the  body.  The  condition  manifests  itself  in  the 
formation  of  targe  blebs  filled  with  a  clear  serous  fluid.  Al- 
though the  favorite  site  for  the  development  upon  the  auricle 
is  the  margin  of  the  hcHx  and  the  lobule,  it  is  occasionally 
found  in  other  situations. 

From  local  infection,  this  serous  fluid  may  become  turbid, 
but  it  is  rarely  purulent.  The  bulla:  rupture  spontaneously 
at  the  end  of  a  few  days,  and  if  the  walls  are  not  destroyed, 
protect  the  denuded  area  which  they  cover,  and  are  subse- 
quently cast  08  in  the  form  of  scales,  their  former  site  being 
marked  by  a  slight  redness  of  the  integument.  On  the  other 
hand,  if  the  sac  is  entirely  destroyed  an  eroded  surface  is 
left.  This  seldom  persists  for  any  length  of  lime,  becoming 
rapidly  dry,  the  integument  remaining  slightly  reddened  in 
this  situation.  No  pain  attends  these  local  manifestations,  and 
the  disease  is  of  importance  simply  on  account  of  the  fact  that 
the  patient  is  ordinarily  afHictcd  by  several  successive  crops 
nf  bullie,  which  are  a  source  of  annoyance  because  of  the  dis- 
hgurcment. 

The  best  rcsulls  arc  obtained  by  puncturing  the  thin  en- 
velope which  incloses  the  fluid,  and  coating  the  collapsed  sac 
with  a  layer  of  flexible  collodion  to  protect  the  surface  be- 
neath. The  internal  use  of  arsenic  is  the  best  prophylactic 
measure  against  recurrence. 

Herpes, — This  condition  is  extremely  rare,  although  a 
search  through  otological  literature  furnishes  us  with  quite  a 
number  of  instances  of  the  affection.  The  disease  is  esscn- 
tially  the  same  as  herpes  zoster,  differing  from  it  only  in  the 
locality  of  the  cutaneous  manifestation.  Neurotic  subjects 
are  particularly  predisposed  to  the  affection,  although  it  oc- 
casionally attacks  those  in  perfect  health.  Indiscretions  in 
diet,  faulty  assimilation,  and  improper  and  insufficient  food 
may  be  mentioned  among  the  other  predisposing  causes.  As 
an  exciting  cause,  exposure  to  cold  is  the  most  important ; 
while  in  a  case  reported  by  ChatelHer,*  it  was  caused  by  local 
irritation.  The  particular  pathological  condition  is  obscure, 
but  probably  consists  in  a  neuriii.<;  of  the  trophic  nerves  which 
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supply  the  parts  involved.  These  are  the  auricularis  ma^us 
and  the  auriculo-temporal,  the  former  coming  from  the  cervi. 
cal  plexus,  the  latter  from  the  third  branch  of  the  trigeminus. 

The  onset  of  the  affection  is  conimoiiiy  marked  by  severe 
constitutional  disturbance,  such  as  an  acceleration  o(  the  pulse, 
an  elevation  of  the  temperature,  varying  in  degree  from  loo" 
to  102**  Fahr.,  or  even  103*  Fahr.,  headache,  and  a  feeling  of 
general  lassitude.  The  characteristic  subjective  evidence  is 
the  intense  neuralgic  pain,  which  may  be  confined  to  the  car 
or  may  spread  over  the  entire  side  of  the  face,  following  the 
general  area  of  distribution  of  Uic  nerves  involved.  Since  the 
pain  may  precede  the  eruption  by  several  days,  the  exact  diag- 
nosis is  often  diDicult  When  the  eruption  appears,  we  find 
the  portion  of  the  auricle  involved  covered  with  groups  of 
vesicles  which  rise  from  a  reddish  base  and  are  filled  with 
clear  serum.  Occasionally  they  coalesce  and  form  a  bullous 
eruption.  The  anterior  surface  ot  the  auricle  is  generally 
the  region  attacked,  although  in  a  case  reported  by  Green* 
the  posterior  surface  was  involved.  The  manifestation  is 
ordinarily  unilateral,  but  Wagcnhaiiser  t  observed  an  instance 
in  which  it  was  bilateral.  Although  usually  confined  to  the 
auricle,  the  affection  may  spread  to  the  canal.  A  few  days 
after  their  appearance  the  vesicles  rupture,  their  envelope 
becomes  dry  and  is  cast  off  in  the  form  of  minute  scales,  leav- 
ing the  integument  beneath  of  a  somewhat  reddened  or  brown- 
ish hue. 

According  to  Ramsay  Huntt  a  certain  form  of  Herpes 
Zoster  is  due  to  involvement  of  the  geniculate  ganglion.  In 
this  form  of  the  disease  we  have  not  only  the  herpetic  eruption, 
the  pain,  and  the  constitutional  symptoms,  but  we  may  also 
have  facial  paralysis  and  interference  with  the  vestibular 
and  cochlear  branches  of  the  eighth  nerve,  the  former  giving 
rise  to  vertigo,  and  the  latter  to  great  impairment  or  perver- 
sion of  hearing. 

Treatment. — Measiu-es  directed  toward  the  relief  of  the 
condition  divide  themselves  into  those  for  the  control  of  the 
constitutional  symptoms  and  those  for  the  relief  of  the  local 


•  American  Journal  of  OtoIoRy,  vol.  lii.  No.  a. 
t  Arch,  for  Ohrenheilkunde,  vol.  locvii,  p.  159. 
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manifeslations.  Our  firsl  measure  should  be  a  thorough  cleans- 
ing of  the  alimentary  canal  by  a  brisk  saline  purge,  the  dietary 
o(  the  patient  being  at  the  same  time  restricted  so  as  to  em- 
brace only  the  simplest  articles  of  food.  When  tlic  febrile 
movement  is  prominent  the  ordinary  antipyretics,  such  as 
antifcbrin,  antipyrin.  or  phcnacetin.  should  be  administered, 
the  last-named  drug  exerting  a  favorable  influence  upon  the 
neuralgic  pain.  When  the  pain  is  of  unusual  severity,  aconitia 
in  doses  o(  one  five  hundredth  of  a  grain,  repeated  every 
hour  for  three  or  lour  doses  until  the  constitutional  effects  of 
the  drug  are  felt,  after  which  the  interval  should  be  increased 
to  every  three  or  four  hours,  can  be  relied  upon  to  give  re- 
lief. Before  the  appearance  of  the  eruption,  cold  applications 
are  grateful.  Iced  cloths,  the  aural  ice  bag,  or  a  cold  lead- 
and-opium  lotion  may  be  employed  fnr  this  purpose.  The 
vesicles  are  best  treated  by  dusting  them  with  a  bhnd  powder 
to  prevent  their  early  rupture,  and  where  they  are  confluent 
they  may  be  coated  with  collodion,  for  the  same  purpose. 

If  the  vesicles  arc  infected  and  the  serous  (luid  becomes 
-purulent,  their  contents  should  be  evacuated  by  means  of 
a  small  knife,  and  the  exposed  area  be  dusted  with  iodo- 
form, iodol,  dcrmatot,  or  touched  lightly  with  a  solution  of 
nitrate  of  silver,  to  hasten  the  reparative  process.  An  emolli- 
ent ointment  containing  morphine  or  opium  is  occasionally  of 
value.  It  has  been  suggested,  as  a  rational  means  of  con- 
trolling the  disease,  that  counter- irritation,  by  means  of  the 
actual  cautery  or  by  vesicants,  be  employed  over  the  trunk 
of  the  nerve  involved,  but  Hllic  success  has  attended  this 
method  of  treatment.  Regarding  the  subcutaneous  injection 
ol  morphine  over  the  affected  nerve,  it  should  be  remembered 
'that  disfigurement  occasionally  follows  the  use  of  the  hypo- 
dermic needle,  and  it  seems  that  the  advantages  arc  not  suf- 
ficient to  warrant  the  physician  urging  this  plan  of  treat- 
ment. 

Sjrphilis. — Any  syphilitic  lesion  may  appear  upon  the  pin- 
,  Da,  although  a  cutaneous  manifestation  of  this  constitutional 
disease  is  of  rare  occurrence  in  the  region  under  consideration. 
.Ziickcr*  has  reported  an  instance  in  which  the  initial  lesion 
\yns  situated  upon  the  tragu.t,  the  part  being  of  n  dark-pur- 
'^Hsh  color,  and  swollen  to  twice  the  natural  size.    There  was 
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concomitant  enlargement  of  the  submaxillary  and  parotid 
glands. 

The  erythematous  syphilodcrm  undoubtedly  attacks  the 
auricle  but,  since  it  causes  no  symptoms  to  call  attention  to 
its  presence,  is  usually  overlooked.  The  macular  eruption 
is  more  frequently  observed  on  account  of  the  distinctive 
appearance  to  which  it  gives  rise.  Occasionally  it  spreads 
into  the  canal,  for  a  considerable  distance.  According  to 
Taylor,*  those  parts  supported  by  cartilage  are  more  fre- 
quently attacked.  The  papular  syphilide  is  of  interest  chiefly 
on  account  of  the  superficial  ulcerations  to  which  it  occa- 
sionally gives  rise.  In  an  instance  under  my  own  obscr. 
vation  such  an  ulceration  had  developed  at  the  junction 
of  the  lobule  with  the  integument,  just  below  the  mastoid. 
The  erosion  was  sharply  defined,  the  surface  only  slightly 
depressed,  and  but  a  slight  areola  was  present.  The  appear- 
ance resembled  an  intertrigo  so  closely  that  an  exact  diag- 
nosis was  made  only  upon  the  failure  of  the  erosion  to  clear 
up  under  ordinary  local  treatment,  and  its  prompt  disappear- 
ance upon  specific  medication. 

A  specific  eruption  of  a  tubercular  character  is  occasion- 
ally observed.  The  ulcerated  areas  arc  covered  by  large 
crusts,  upon  the  removal  of  which  the  outline  of  the  affected 
portion  is  seen  to  be  sharply  defined.  Either  the  anterior  or 
the  posterior  surface  of  the  external  ear  may  be  attacked.  A 
correct  diagnosis  is  possible  by  bearing  in  mind  the  sharply 
defined  outline  of  the  specific  ulceration,  its  reddish  color  in 
contradistinction  from  the  irregular  grayish-white  color  of 
tubercular  or  lupoid  ulceration,  its  slightly  depressed  surface. 
which  is  comparatively  smooth,  in  contradistinction  to  the 
nodular  appearance  observed  in  the  affections  just  named,  and 
the  history  of  an  antecedent  specific  infection. 

The  appearance  of  a  gummy  tumor  in  the  external  car  is 
one  of  the  rarest  manifestations  of  the  constitutional  poison. 
Baratoux  t  has  reported  an  instance  in  which  the  infiltration 
was  multiple.  The  deposit  presents  as  a  hard,  smooth  tumor, 
of  a  deep-red  color,  and  in  the  early  stages  does  not  fluctuate 
upon  palpation.  At  a  later  period  the  centre  of  the  mass  be- 
comes necrotic,  thedisintegrated  tissue  finally  breaking  down 


*  Cited  by  Rupp,  Jounial  of  Cutincoiu  and  Geniio-Utinair  DUcbms,  Oc*,,  1891. 
t  Cited  by  Rupp.  tec.  <U. 
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to  form  pus,  which  is  evacuated  spontaneously,  unless  pre- 
vented by  the  institution  of  surgical  measures.  When  left  to 
itself  the  local  necrosis  results  in  the  development  of  a  deep 
ulcer. 

Treatment. — The  treatment  oi  specific  lesions  of  the  auri- 
cle corresponds  to  that  of  similar  conditions  in  other  portions 
of  the  body.  If  a  gummatous  deposit  is  found  before  disin- 
tegration has  begun,  an  effort  should  be  made  to  cause  its 
absorption,  although  this  at  first  may  sccra  hopeless. 

Where  ulceration  has  taken  place  before  the  patient  comes 
under  observation,  large  doses  of  the  iodide  of  potassium 
should  be  at  once  administered,  and  for  a  lime  local  treat- 
ment should  consist  simply  in  keeping  the  parts  clean,  since 
the  reparative  process  which  this  drug  institutes,  frequently 
preserves  tissues  which  seem  so  disintegrated  that  the  surgeon 
would  have  no  hope  of  saving  them.  After  the  internal  med- 
ication has  been  persisted  in  for  a  short  time,  and  its  antag- 
onistic action  on  the  constitutional  infection  is  observed  in 
the  ulceration,  we  should  no  longer  hesitate  to  remove  all 
those  portions  which  are  manifestly  beyond  repair.  The  sharp 
spoon  is  to  be  called  into  requisition,  and  all  softened  tissue 
thoroughly  scraped  away.  The  dressing  is  carried  out  upon 
general  surgical  principles. 

Lupus  Erythematosus. — This  afTection  usually  attacks  the 
auricle  secondarily,  some  other  portion  of  the  face  being  the 
starting  point.  At  first  it  presents  as  a  sharply  defined  red- 
dened area,  slightly  elevated  above  the  surface  of  the  skin, 
over  which  it  soon  spreads  in  all  directions.  The  integument 
involved  becomes  thick,  injected,  and  sepaiated  from  the  nor- 
mal cutis  by  a  rather  sharp  line  of  demarcation.  The  surface 
is  frequently  traversed  by  minute  veins.  Owing  to  the  in- 
terference with  the  blood  supply,  the  superficial  epithelium  is 
thrown  off  more  rapidly  than  under  normal  conditions,  giving 
the  surface  a  glazed  appearance.  As  (he  disease  encroaches 
more  and  more  upon  the  healthy  integument,  its  starting 
point  becomes  somewhat  depressed  and  of  a  lighter  color, 
owing  to  the  gradual  sclerosis  of  the  infiltrated  tissue.  The 
disfigurement  constitutes  the  entire  inconvenience  which  the 
affection  entails,  there  being  no  pain,  pruritus,  or  perversion 
of  sensation.  Although  usually  unilateral,  1  remember  one 
instance  in  which  the  entire  face,  including  both  auricles,  was 
involved. 
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A  mistake  in  diagnosis  is  practically  impossible,  although 
to  a  certain  extent  the  disease  resembles  eczema.  In  the  lat- 
ter affection  the  intense  pruritus,  the  presence  of  some  local 
exciting  cause,  the  brighter  color  of  the  affected  part,  and 
the  moist  surface,  together  with  the  more  rapid  progress, 
will  usually  render  a  differential  diagnosis  easy. 

Treatment— Locally  we  may  employ  vigorous  friction 
with  a  strong  alkaline  soap  to  relievo  the  infiltration,  after 
which  an  astringent  or  soothing  ointment  may  be  applied. 
Another  [)lan  is  to  employ  counter-irritation  in  the  form  of 
tincture  of  iodine.  An  ointment  conlaining  either  iodine  and 
iodide  of  potassium  or  pyrogsllic  acid  in  the  strength  of  from 
one  to  four  per  cent  is  also  valuable. 

In  the  severe  cases,  the  galvano-cautery,  the  curette,  or 
even  the  knife  may  be  employed,  although  as  a  rule  these 
vigorous  measures  are  not  followed  by  satisfactory  results. 

Lupus  Vulgaris.— Dcrmatological  literature  teaches  us 
that  this  is  one  of  the  rarer  cutaneous  affections,  and  its  loca- 
tion  in  the  external  ear  is  still  more  unusual.  In  the  early 
stages  we  find  upon  some  portion  of  the  auricle  one  or  more 
small  hard  nodules  which  cause  a  slight  sensation  of  itching; 
the  effort.s  of  the  patient  to  relieve  this  abrade  the  surface  of 
the  elevation,  which  soon  becomes  covered  with  a  brownish 
crust.  As  the  disease  advances  the  infiltrated  areas  increase 
in  size  and  number.  Those  which  appear  subsequently  un- 
dergo the  same  changes  already  described  as  characteristic 
of  the  original  deposit. 

The  progress  of  the  affection  is  slow  but  steady.  The  ero- 
sion of  the  surface  gradually  becomes  deeper  and  constitutes 
a  Inie  ulceration,  the  areas  of  local  necrosis  being  almost  im- 
mediately covered  by  brownish  crusts  which  do  not  separate 
spontaneously.  When  the  crusts  are  removed  artificially  the 
ulcer  appears  but  slightly  depressed,  its  margins  arc  pcxirly 
defined,  there  is  no  areola,  its  boundaries  merging  impercep- 
tibly into  the  normal  integument.  Still  later  there  seems  to 
be  an  effort  at  spontaneous  cicatrization,  which  results  in  con- 
siderable deformity  due  to  a  shrinking  of  the  cicatrix.  The 
affection  does  not  cease  spontaneously,  and  will  almost  surety 
involve  the  entire  auricle  unless  checked  by  local  measures. 

Treatment. — When  first  seen,  it  Is  our  duty  to  remove  the 
involved  area  as  completely  as  possible,  provided  the  disease 
is  in  its  earliest  stage  and  limited  in  extent.     In  many  cases 
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the  complete  excision  of  the  infiltrated  portion  of  the  auricle 
is  the  simplest  and  best  measure.  Another  method  is  to  thor- 
oughly curette  away  the  deposit  with  a  sharp  spoon,  care 
being  taken  that  the  healthy  tissue  immediately  surrounding 
the  deposit  is  encroached  upon.  The  curettement  should  be 
followed  by  the  application  of  some  chemical  agent,  lactic  acid 
being  probably  the  best.  This  should  be  used  in  concentrated 
solution,  and  should  be  thoroughly  rubbed  into  the  tissues. 
From  the  fact  that  the  canal,  and  even  the  middle  ear,  may  be 
attacked  if  the  .progress  in  the  auricle  is  not  checked,  the 
surgeon  is  fully  justified  in  excising  the  entire  auricle  if  this 
is  so  infiltrated  as  to  permit  of  no  other  means  of  eradicating 
the  disease. 


WFLAMMATORV  AFFECTIONS  OF  THE  AURICLE. 

Perichondritis. — Wc  have  already  described  an  inflamma. 
tory  condition  of  the  cartilaginous  framework  of  the  external 
ear  following  an  injury  to  the  part.  Occasionally  such  a  con- 
dition is  met  with  as  an  idiopathic  afTcch'on,  or  is  a  complica- 
tion of  an  acute  inflammation  of  the  external  auditory  meatus. 
The  particular  part  of  the  auricle  affected  will  depend  largely  ™ 
upon  the  locality  occupied  by  the  inflammatory  process  in  the^ 

external  auditory  meatus,  the  dis- 
ease spreading  by  contiguity  of 
structure,  when  depending  upon 
such  a  cause. 

The  symptoms  to  which  the 
disease  gives  rise  arc  a  feeling  of 
heat  in  the  external  ear,  quickly  ■ 
followed   by  severe  pain.      The     i 
auricle   soon    begins  to  increase 
in  size,  while  over  the  affected  ■ 
area  the  skin  is  of  a  bright-red 
hue,  due  to  an  increased  arterial 
vascularity.     As  the  disease  ad- 
vances  the   part   becomes  more 
and  moie  swollen,  and  the  nor- 
mal outline  of  the  auricle  entire- 1 
ty  disappears.    This  is  due  to  an 
effusion  of  fluid  between  the  car-j 
tilage   and    perichondrium,   dis-' 
sccting  this  last  named  structure 
from  the  underlying  cartilage.    The  fluid  is  at  first  serous, 
but  quickly  becomes  purulent.     The  deformity   varies  con- 
siderably, according  to  the  particular  area  involved.     Where 
the  inflammatory  condition  within  the  meatus  involves  the 
anterior  wall,  the  tragus  alone  is  the  part  usually  aflected, 
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while  if  the  circuinscribefi  inflammatory  process  is  situated 
upon  the  posterior  or  superior  walls  of  the  canal,  the  peri- 
chondritis is  apt  to  be  extensive,  and  is  accompanied  by 
marked  deformity.  If  unrelieved  by  therapeutic  measures 
ihe  fluid  is  evacuated  spontaneously.  In  such  an  event 
several  sinuses  appear  either  upon  the  anterior  or  posterior 
surface  of  the  pinna,  and  close  spontaneously  only  after  a 
prolonged  period.  A  high  degree  of  deformity  is  the  usual 
result  in  those  cases  which  are  allowed  to  progress  without 
surgical  interference  (Fig.  71). 

Treatment. — The  treatment  of  the  condition  is  identical 
with  that  advocated  in  considering  perichondritis  due  to 
traumatic  causes,  with  the  exception  that  aspiration  of  the 
fluid  is  not  admissible,  since  its  purulent  character  precludes 
the  possibility  of  a  favorable  result.  In  the  severe  cases 
the  procedure  advocated  by  Grucning  *  of  "through-and- 
through"  drainage  is  probably  the  most  advisable  plan 
of  treatment.  This  consists  in  thoroughly  opening  the  ab- 
scess by  means  ol  incisions  which  pass  completely  through 
the  sut»iancc  of  the  auricle  from  the  anterior  to  the  pos- 
terior surface,  strips  of  iodoform  gauze  being  subsequently 
passed  through  the  openings  thus  made.  In  a  case  under  the 
care  of  the  author  the  tragus  was  the  part  involved,  and  a 
rapid  cure  followed  free  incision,  with  a  thorough  curetting 
of  the  cavity. 

Erysipelas. — This  affection  occurs  as  a  complication  of 
facial  ervsipclas,  and  requires  no  special  consideration  either 
as  regards  the  clinical  course  which  it  runs,  or  the  treatment 
to  be  instituted  for  its  relief. 

Abscess. — An  abscess  of  the  auricle  involving  its  cartilagi- 
nous piirtion  constitutes  in  reality  a  perichondritis,  a  con- 
dition  which  has  already  been  described  in  detail.  Occasion- 
ally we  meet  with  a  localized  collection  of  pus  in  that  portion 
of  the  auricle  consisting  ol  hbrous  and  laity  tissue — thclobulc. 
Most  frequently  the  affection  depends  upon  a  local  infection, 
cither  from  an  earring  or  following  the  operation  of  piercing 
the  ears.  Evacuation  of  the  abscess  by  incision  is  followed 
by  complete  and  rapid  recovery. 

Occasionally  we  t\nd  a  superficial  abscess  in  other  portions 
pi  ihe  auricle,  the  cartilaginous  framework  being  uninvolved  ; 
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these  constitute  really  retention  cysts,  and  arc  caused  by  the 
blocking  up  of  the  orifice  of  a  sebaceous  follicle  with  sub- 
sequent  disintegnilion  of  the  retained  secretion.  In  the  early 
stages,  when  the  condition  is  one  of  retention  only,  removal 
of  the  obslrucliiin  is  all  that  is  necessary.  After  decomposi- 
tion has  taken  place,  however,  the  proper  procedure  is  to  in- 
cise the  tumor  freely,  after  which  the  lining  membrane  is  to 
be  dissected  out  or  thoroughly  curetted,  to  prevent  recur* 
rence. 

Othxmatoma  (Fig.  72).— A  transudation  of  sanguineous 
fluid  beneath  the  perichondrium  is  frequently  met  with  as  the 
result  of  an  injury.    Occurring,  however,  without  the  history 

of  traumatism,  the  origin  of  the 
condition  has  been  a  matter  of  no 
little  speculation.  While  hxma- 
toma  auris  is  frequently  met  with 
among  the  insane,  numerous  au. 
thentic  reports  are  found  in  which 
the  affection  has  occurred  sponla- 
neously.  in  persons  of  perfectly 
sound  mind.  Age  seems  to  exert 
but  little  causative  influence,  Weil  * 
having  reported  a  case  occurring 
at  the  age  of  fifteen  months. 

The  condition  is  present  usu- 
ally upon  one  side  only,  although 
in  a  case  reported  by  Brunncrf 
its  occurrence  upon  one  side  was 
followed,  a  year  later,  by  a  similar 
condition  in  the  opposite  organ. 
From  the  fact  that  it  has  been  frequently  observed  among 
the  insane  it  is  possible  that  some  intracranial  lesion  may  be 
responsible  for  its  occurrrncc.  The  investigations  of  Bn>wn- 
S^quard$  would  add  weight  to  this  view,  since  they  show 
that  section  of  the  restiform  bodies  in  dogs  will  produce  the 
local  lesion  in  question.  It  is  quite  probable  that  in  many 
cases  an  injury  which  has  been  entirely  forgotten  is  the  real 
cause  of  the  pathological   condition.     Flesch*  believes  that 


Fig.  73.— Ottixmaloma. 


*  MonaUichrifl  fUr  Ohrcnh«iIkunde,  tBS},  No.  3. 
f  Atchiv  fill  Ohrcrilicilkundc.  vol.  v.  36, 
J  Canstatiei  Jahreiljcrithl,  i86y,  vol,  ii,  p.  aj 
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certain  variations  in  Ihe  structure  of  the  auricular  cartilagts 
|>rcdisposc  to  the  extravasation  of  blood,  but  advances  nu 
theory  jis  lo  the  cause  of  the  anomalous  structure  of  the  car- 
tilage. It  can  only  be  said,  therefore,  thai  the  setiotogical 
factor  in  a  [imporlion  of  the  cases  is  still  unsolved. 

The  aflcction  consists  esscntlnlly  in  an  effusion  of  blood, 
whieh  separates  the  perichondrium  from  the  cartilage.  Oc- 
casionally we  find,  on  examining  the  walls  of  the  cavity,  that 
small  plates  of  cartilage  have  been  forcibly  torn  Irora  the 
framework  ol  the  auricle  during  the  process  of  extravasation. 
The  tumefaction  appears,  as  a  rule,  someM'hat  suddenly.  It 
may  be  preceded  by  a  feeling- of  burning  or  pruritus,  but  usu- 
ally there  are  no  prodromal  symptoms.  The  anterior  surface 
of  the  auricle  is  usually  involved  te)  a  jTrcater  or  less  extent, 
and  the  obliteration  of  the  normal  outline  is  correspond inglv 
complete.  The  integument  covering  the  tumor  is  either 
normal  in  color  or,  if  the  efTusion  is  large  in  amount,  may  ap- 
pear pale  on  account  of  the  pressure. 

After  its  appearance,  the  effusion  may  disappear  spon- 
taneously, or  it  may  be  evacuated  by  spontaneous  rupture, 
or  the  contents  of  the  cyst  may  suppurate.  Absorption  is  so 
uncommon  that  we  should  never  wait  for  its  occurrence, 
while  it  is  probable  that  traumatism  is  responsible  for  the 
sp<^ntancous  evacuation  of  Ih^  fluid  in  most  cases,  whether 
this  occurs  with  or  without  suppuration. 

Treatment — The  treatment  varies  according  to  the  size 
ol  the  tumor  and  nature  of  its  contents,  whether  this  consists 
of  blood  alone  or  whether  purulent  infection  has  already  oc- 
curred. 

When  there  are  evidences  of  pus  formation  free  evacua- 
tiun  should  be  at  once  resorted  to,  the  case  being  treated  as 
one  of  simple  perichondritis. 

Where  (he  tumor  is  small  and  of  recent  occurrence,  simple 
pressure  by  means  of  a  compress  held  hrmly  in  place  by  a 
roller  bandage  should  first  be  tried.  This  method,  combined 
with  systematic  massage  of  the  auricle,  is  valuable  in  many 
iristances.  In  tumors  of  large  size  resort  may  be  had  to 
aspiration,  followed  by  the  compress,  bandage,  and  m-issagc. 
Where  the  effusion  is  of  such  proportions  as  to  cause  consid- 
erable  tension  of  the  overlving  tissues,  evacuation  by  free 
incision  is  the  most  advisable  pnicedure,  the  cavity  being 
afterward  thoroughly  curetted  to  remove  all  necrotic  tissue 
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and  to  favor  a  rapid  obliteration  of  the  space  by  granulatinn 
and  adhesion.  After  ihus  thoroughly  removing  the  contents 
of  the  cyst  the  wound  should  be  packed  firmly  with  iodoform 
gauze,  and  subsequently  managed  according  to  the  rules  ol 
general  surgery. 

It  should  always  be  remembered  that  in  the  severe  cases 
considerable  deformity  of  the  auricle  may  follow,  and  the 
patient  should  be  warned  accordingly. 

Thickening  of  the  Lobule. — This  condition  consists  of  a 
hypertrophy  both  of  the  connective  tissue  forming  the  frame- 
work of  the  lobule  and  of  the  glandular  structures  of  the  re- 
gion, as  the  result  of  a  chronic  inflammatory  process.  The 
most  frequent  cause  of  the  affection  is  mechanical  irritation. 
occasioned  by  the  wearing  of  a  ring  in  the  car,  the  margins 
of  the  artificial  opening  through  which  this  is  passed  instead 
of  cicatrizing  and  becoming  covered  with  normal  epithelium 
remaining  denuded,  and  thus  afford  an  avenue  for  the  entrance 
of  infectious  germs.  Some  metals  arc  easily  acted  upon  by 
moist  air,  and  arc  particularly  prone  to  cause  such  a  condi- 
tion,  the  products  of  their  oxidation  destroying  the  newly 
lormcd  epithelial  cells  and  leading  to  the  result  above  given. 
When  this  process  has  continued  for  some  length  of  time  the 
pendent  portion  of  the  auricle  becomes  elongated,  thickened, 
tender  to  the  touch, and  in  some  cases  the  seat  of  spontaneous 
pain.  The  chief  annoyance  to  which  it  gives  rise,  however, 
is  the  deformity.  Occasionally  the  lodgment  of  more  virulent 
bacteria  upon  this  denuded  surface  produces  small  abscesses. 

Treatment. — The  trealnienl  of  the  condition  is  simple, 
and  consists  first  in  the  removal  o£  the  local  cause.  11  the 
deformity  has  reached  a  high  degree  a  plastic  operation  may 
become  necessary  for  the  removal  of  the  superabundant  tissue. 

Ossification.— Curiously  enough,  this  condition  is  exceed- 
ingly rare,  although  several  instances  have  been  mentioned  in 
otological  literature.  The  causes  which  may  be  considered 
to  be  active  in  its  production  seem  to  be  malnutrition,  severe 
local  inflammation,  or  some  profound  disturbance  of  the  cir. 
culation  of  the  part,  such  as  exposure  to  intense  cold.  When 
osseous  tissue  has  once  been  deposited,  the  recognition  of 
the  afTcction  is  exceedingly  simple.  The  auricle  becomes 
stiff,  inllexible,  and  boardlike  to  the  touch.  The  ossitication 
may  be  limited  either  to  a  small  area  or  may  involve  a  con- 
siderable portion  of  the  organ. 
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In  a  case  reported  by  Linsmayer*  the  bony  deposit  ex- 
tended into  the  floor  o(  the  canal.  The  helix,  scaphoid  (ossa, 
and  antihelix  are  the  regions  most  frequently  affected,  and  the 
condition  may  be  present  upon  one  or  both  sides.  Relief  is 
demanded  both  on  account  of  (he  deformity  and  also  because 
of  the  pain  which  any  pressure  upon  the  rigid  organ  causes, 
as  when  the  patient  attempts  to  He  upon  the  affected  side. 

Treatment. — The  treatment  consists  in  a  removal  of  the 
abnormal  deposit  where  this  is  of  limited  extent.  Where  a 
large  part  of  the  auricle  is  involved  amputation  of  the  entire 
organ  is  justifiable. 

Gangrene.— Complete  necrosis  of  the  tissues  making  up 
the  framework  and  coverings  of  the  external  car  is  occasion- 
ally met  with  in  cases  which  have  not  been  subjected  to  any 
severe  traumatism.  A  marked  general  cachectic  condition, 
following  an  acute  illness  which  has  lowered  the  vitality  of 
the  patient  greatly,  or  such  as  ma}'  be  occasioned  by  some 
prolonged  suppurative  process  accompanied  by  bony  necro- 
sis. fre<]uenlly  acts  as  a  predisposing  cause.  If  we  combine 
with  such  a  condition  slight  but  continuous  pressure  upon 
the  auricle,  as  might  occur  in  a  patient  conftned  to  bed  for  a 
long  period  and  lying  upon  one  side  for  a  considerable  inter- 
val of  time,  the  pressure  might  be  sufficient  to  determine  the 
process  under  consideration. 

Treatment — The  treatment  is  sufficiently  indicated  by 
the  causes  operative  in  producing  the  affection.  Supporting 
and  stimulating  measures  arc  to  be  adopted  (or  the  removal 
of  the  predisposing  cause,  white  care  is  to  be  taken  to  prevent 
any  pressure  upon  the  auricle,  bearing  in  mind  the  ease  with 
which  local  nutritive  processes  are  interfered  with  when  the 
general  tone  of  the  body  is  greatly  lowered.  If  the  process 
has  already  dcvcIope<l  we  should  attemi>t.  by  means  of  warm 
applications,  to  restore  the  circulation  of  the  region  to  its 
normal  slate,  and  at  the  same  time  to  favor  spontaneous 
separation  of  the  necrotic  tissue  if  local  necrosis  has  occurred. 
Where  the  necrosis  is  but  superficial,  the  application  of 
strong  chemical  caustics  may  hasten  repair,  the  local  irrita- 
tion exciting  a  reactive  inllanimation  which  in  itself  becomes 
a  valuable  therapeutic  measure,  causing  the  early  exfoliation 
of  tfie  slough  and  the  development  of  healthy  granulations. 


*  Wien.  Klin.  Woch..  I8S9.  No.  to. 
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attendant  upon  wearing  ornaments  in  the  ear  is  the  most 
common  exciting  iPtiological  factor.  Altliotigli  tlie  lobule 
is  tlie  part  must  frequently  rilTectetl,  the  concha  is  occasion- 
ally the  site  of  a  growth  of  this  character,  and  in  a  case 
reported  hy  1  lalifrniiinii  *  the  external  meatus  was  partially 
occKkIccI  by  tlic  tumor,  which  sprang  from  the  concha. 

Upon  physical  cxaminatioti  the  tumor  presents  a  hard 
sttrface,  which  is  usually  smooth,  but  occasionally  nodnlar. 
Microscopically  the  mass  is  made  up  of  dense,  white,  fibrous 
connective  tissne.  In  a  case  reported  by  Anton  f  (Pig.  73) 
the  growth  was  a  soft  fibroma  and  contained  many  con- 
nective-tissue cctis  interspersed  between  tlic  fibres. 


*  Archiv  fUr  Ohr«nlieilkande.  vol.  niti,  p.  76. 
f  Ibid.,  voL  SKviii,  p.  385. 
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tumors  occasionally  assuming  a  malignant   type,  especially 
after  repeated  operations  oi  excision  have  been  instituted. 

Treatment. — The  operative  trcatmctit  is  simple.    The  mass 
is  to  be  circumscribed  with  llie  knife,  the  incision  extending 
through  the  entire  thickness  of  the  affected  part  and  lying 
completely  outside  of  it,  within  healthy  tissue.    After  the  neo- 
plasm has  been  extirpated  the  edges  of  the  wound  are  to  be 
brought  together  by  sutures,  and  the  parts  dressed  according 
to  general  surgical  rules.    Recovery  is  usually  unintcrnipted. 
Where  the  tumor  involves  the  lobule  the  incision  should 
1     be  so  located  as  to  cflcct  the  removal  of  redundant  tissue  and 
I    enable  the  parts,  upon  replacement,  to  be  molded  into  a  form 
^jjrmractrical  with  that  uf  the  lobule  ol  the  opposite  side, 
^pr     In  addition  to  pure  fibromata,  tumors  are  occasionally  met 
^with  which  arc  made  up  of  a  mixture  of  fibrous  tissue  with 
myxomatous,  cartilaginous,  or  other  elements.     In  a  case  rc- 
,    ported  by  llaug  *  the  growth  was  lymphangio-fibroma. 
^B     Lipoma.— A  true  fatty  tumor  has,  so  far  as  I  know,  never 
^^ecn  found  upon  the  auricle  itself.    They  are  occasionally  met 
with,  however,  in  its  immediate  vicinity,  usually  just  below 
J    the  lobule.    Kipp  t  has  reported  a  case  of  fibro-lipoma  of  the 
concha,  the  microscope  showing  the  presence  ol  cavernous 
tissue  as  well. 

Atheroma  (Figs.  74  and  75). — A  tumor  of  this  character 
results  from  blocking  up  of  the  sebaceous  follicles  with  which 
the  integument  covering  the  external  car  is  sup|ilicd.  The 
secretion  which  the  glands  produce  is  imprisoned  by  the  ste- 
nosis of  the  orifices  of  the  ducts,  dilates  the  gland  cavity,  and 
gives  rise  to  a  tumefaction  of  varying  size.  Where  the  gland 
is  active,  the  rapid  formation  of  its  product  may  produce  so 
much  pressure  as  to  cause  spontaneous  rupture.  On  the 
other  hand,  after  attaining  a  certain  size  the  obstruction  in 
the  duct  may  be  overcome,  allowing  a  sufficient  amount  of 
ihe  contents  to  escape  to  relieve  the  tension  without  restor- 
ing the  normal  patency  of  the  tube.  This  process  may  be 
repeated  indefinitely,  and  the  patient  presents  with  the  his- 
tory  of  a  recurrent  discharge  from  the  growth  at  varying 
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intervals.    Again,  the  pressure  may  be  so  severe  as  to  excite 
an  innamraatioD  within  the  sac,  with  the  consequent  produc- 
tion of  a  purulent  discharge. 

The  lobule  is  a  favorite  seat  for  these 
jjrowlhs,  fir  the  junction  of  the  lobule  with 
the  skin  of  the  neck.  Marian*  has  re- 
ported a  case  in  which  the  neoplasm  filled 
the  concha.  Where  spontaneous  evacua- 
tion has  not  taken  place  dissection  usuallj 
reveals  a  distinct  sac.  Where  the  con- 
tents of  the  cv.st  have  undergone  infection 
and  rupture  has  occurred  as  the  result  of 
an  inflammatory  process,  the  lining  mem- 
brane is  usually  so  amalgamated  with  tlie 
surrounding  tissues 
as  to  render  its  rec- 
ognition as  a  dis- 
tinct structure  dif- 
ficult. 

Under   the   mi- 
_  .  .  croscope   the  con- 

Flo.  7^.— Alhcrom*.  f,  , 

tents  ol  such  a  tu- 
mor is  found  to  be  made  up  of  seba- 
ceous material,  degenerated  epithelial 
celts,  with  an  occasional  admixture  of 
cholesterin  crystals. 

Treatment. — This  condition  is  best 
combated  by  surgical  interference. 
This  consists  in  the  removal  of  the 
growth.    An  incision  is  made  through 

the  overlying  integument,  and  the  tu-    ^f^-  7S-— Sebwcouf  umorrf 

.      ,  ■',,  °  **,  ,  ,  the  tobulc.    (Cl»iboctic.) 

mor  IS  shelled  out  from  the  envelope 

without  rupture  of  the  sac.  In  this  way  a  possible  recur- 
rence is  guarded  against.  Such  a  procedure,  however,  is 
frequently  impossible,  the  sac  bei]ig  opened  and  its  contents 
being  evacuated  in  spite  of  the  greatest  care.  In  this  event 
the  entire  sac  should  be  completely  dissected  out  from  the 
structures  with  which  it  has  become  amalgamated.  It  is  well 
after  making  such  a  dissection  to  thoroughly  curette  the  cav- 
ity by  means  of  a  sharp  spoon,  in  order  that  every  vestige 
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of  the  enveloping  membrane  may  bu  removed.  Where  the 
mass  i%  of  but  small  dimensions  and  spontaneous  discharge 
has  taken  place,  a  thorough  curetting  of  the  sac.  followed  by 
the  application  of  a  strong  solution  of  nitrate  of  silver,  may 
cause  complete  obliteration  of  the  cavity  and  prevent  a  re- 
currence. 

Angioma. — A  neoplasm  of  this  character  is  seldom  met 
Mrith  in  the  external  car,  and  the  reported  cases  have  varied 
greaily  both  in  the  area  involved  by  the  neoplasm  and  in  the 
degree  to  which  the  vascular  abnormity  has  developed.  In 
a  case  reported  by  Chimani  *  the  condition  was  one  of  cirsoid 
aneurism  which  was  present  upon  the  left  side  of  the  head  at 
birth,  and  subsequently  extended  until  a  large  portion  of  the 
auricle  was  involved,  particularly  the  posterior  aspect  of  the 
organ.  The  external  car  was  displaced  outward,  and  was  of 
a  dark  purpUsh-rcd  color;  a  distinct  murmur  was  perceptible 
over  the  growth.  The  condition  improved  somewhat  under 
injections  of  perchloridc  of  iron,  although  recurrence  took 
place  at  a  subsequent  period.  The  mass  was  completely  dis- 
sipated  by  a  repetition  ol  the  same  treatment. 

Occasionally  an  exposure  to  cold,  as  in  Kipp'sf  case,  seems 
to  be  responsible  for  the  affection,  although  in  many  instances 
they  are  congenital,  differing  only  in  degree  from  the  com- 
mon birthmark  or  port-wine  stain. 

Although  we  do  not  consider  the  condition  as  perilous  to 
life.  Jungkcn  J  has  reported  an  instance  in  which  ha-morrhage 
from  the  growth  terminated  fatally. 

Treatment— We  arc  usually  consulted  on  account  of  the 
deformity  which  these  growths  cause,  and  the  measures  for 
their  relief  must  depend  upon  their  size  and  character,  and 
the  coincident  presence  of  a  similar  condition  upon  some 
other  portion  of  the  face.  When  involving  only  the  integii* 
ment  and  consisting  of  a  small  stain,  repeated  applications  of 
the  galvano-cauter)'  usually  obliterate  the  abnormity.  Where 
the  moss  is  of  large  size  and  the  vessels  arc  more  fully  devel- 
oped, completi!  fxcision  is  the  best  procedure.  This  may  be 
effected  by  seizing  the  base  ol  the  mass  with  a  clamp  and  re- 
moving  it  in  toto,  ligating  the  stump  in  several  portions.  In 
other  instances  the  clamp  may  be  dispensed  with,  and  the 
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mass  dissected  oul,  the  vessels  being  divided  between  two 
ligatures,  thus  preventing  excessive  haemorrhage  during  the 
operation.  The  cmplo^-ment  o(  the  ligature  to  cause  the 
growth  to  slough  away  slowly  is  scarcely  advisable. 

I  Injections  of  fluids  for  the  purpose  of  coagulating'  the  con- 
tents of  the  tumor  arc  not  free  from  danger,  since  by  the  dis- 
lodgment  of  a  clot,  embolism  of  important  vessels  may  fol- 
low, or  general  sepsis  may  result. 
The  employment  of  the  galvano-cautery  knife  or  loop  for 
the  excision  of  such  a  neoplasm  should  only  be  undertaken  it 
a  cbmp  is  used,  and  even  if  the  mass  were  removed  in  ihis 
manner  most  would  prefer  to  ligaie  the  pedicle  in  several  por. 
Btions  rather  than  to  trust  to  a  closure  of  the  vessels  by  the 

■  action  of  the  incandescent  blade  or  wire. 

H       Where  the  tumor  increases  rapidly  iu  size  at  the  site  of  its 

■  first  appearance  and  other  areas  of  the  integument  become 

■  involved  in  regions  entirely  distinct  from  the  original  location. 
Hvrc  have  lo  deal  not  only  with  the  lesion  as  it  appears  upon 
H  the  external  ear,  but  by  our  measures  for  the  relief  of  this,  we 

should  aim  to  prevent  a  similar  condition  from  developing 
subsequently  in  neighboring  regions.  This  can  only  be  ef- 
fected, I  think,  by  shutting  oflf  the  arterial  supply  of  the  entire 
rregion  by  the  ligation  of  the  trunk  from  which  the  various 
'vessels  spring.  After  such  an  operation  the  dilated  vessels 
Iwill  in  many  instances  be  obliterated,  while  those  remaining 
Iwill  be  much  diminished  in  size,  and  any  remaining  angioma- 
tous masses  can  be  treated  upon  the  rules  already  laid 
lown. 

It  should  be  remembered  that  the  vessels  upon  one  side  of 
"the  face  anastomose  freely  with  those  upon  the  o[)posite  side, 
and  less  radical  measures  than  those  given  above  may  not 
be  sufficient  to  obliterate  the  condition. 

Cystoma  (Fig.  76). — It  is  still  a  matter  of  discussion  as  to 
what  particular  form  of  neoplasm  this  term  should  be  applied. 
use  it  to  designate  a  localized  tumefaction  upon  the 
luricle  due  to  a  circumscribed  collection   of   flui^l   not  de- 
pendent upon  traumatism.     Many  again  apply  tu  similar  coa- 
litions the  term  h;rmatoma  or  perichondritis,  although  there 
lay  be  no  evidence  of  a  sanguineous  effusion  or  of  an  inHani- 
latory  process,  and  although  the  history  may  reveal  no  adc- 
luatc  cause  for  the  occurrence  of  either  affection.     The  for- 
)er  view  seems  to  me  the  more  tenable  and  is  advocated 
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by  Hartmann,*  who  applies  the  name  of  cyst  of  the  auricle  to 
tumors  o(  Ibis  description.     This  opinion  is  supported  by  the 
appearance  of  the  interior  of  the  sac,  upon  incision  of  the 
lumor.     There  is  no  evidence  of 
any  inflammation  of  the  perichon- 
drium ;     there    are    no    fibrinous 
clots,  nor  any  other  evidence  of  a 
previous  traumatism.     The  devel- 
opment  seems  to  depend  upon  an 
effusion  of  scrum  simply.   Exposed 
cartilage,  however,  is  occasionally 
found  within  the  cyst. 

These  tumors  make   their  ap- 

arancc.  as  a  rule,  upon  the  an- 
terior surface  of  the  auricle,  which 
they  involve  more  or  less  com- 
pletely. The  overlying-  integu- 
ment is  normal  in  color  and  not 
tender  to  the  touch.  The  tume- 
faction appears  quite  suddenly, 
and  shows  little  or  no  tendency  to 
increase  in  size,  relief  being  demanded  simply  on  account  of 
the  deformity.  Harsh  manipulation  or  contusion  of  the  part 
may  cause  an  inflammation  of  the  cartilage,  but  this  condition 
is  superadded,  and  not  a  part  of  the  original  process. 

The  cause  of  the  aflection  is  naturally  hypothetical.     It 

ay  possibly  be  due  to  a  degeneration  in  the  cartilaginous 
framework  of  the  auricle,  somewhat  similar  to  that  which 
causes  the  spontaneous  development  of  a  hematoma  auris. 
Treatment — The  treatment  consists  in  repeated  aspira- 
ion  of  the  fluid  or  of  evacuation  by  incision,  after  which 
the  cavity  is  obliterated  by  packing  the  wound  with  gauze. 
Fischenisch  f  has  obtained  good  results  by  massage  in  these 
cases.  Manipulation  in  conjunction  with  aspiration  is  cer- 
tainly worthy  of  trial.  After  evacuation  of  the  contents  of  the 
cyst  in  this  manner  the  walls  should  be  kept  in  contact  by 
means  of  a  properly  constructed  clamp  or  by  a  firm  bandage. 
Certainly  the  surest  method  of  treating  these  cases  is  by 

cision.    This  should  be  made  In  one  of  the  natural  folds  so 
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as  to  prevent  deformity.  After  the  sac  has  been  thoroughly 
cleansed  by  irrigation,  the  margins  of  the  incision  may  be 
sutured,  a  few  strands  of  horsehair  being  passed  through  the 
sac  to  act  as  a  drain.  By  this  method  a  shgbt  irregularity 
may  remain  at  the  upper  and  lower  extremities  of  the  incision 
at  the  points  o(  entrance  and  exit  of  the  horsehair  drain.  To 
avoid  this,  the  entire  wound  upon  the  anterior  surface  may 
be  sutured,  and  drainage  secured  by  puncturing  the  cartilage 
so  as  to  make  an  opening  upon  the  posterior  surface  of  the 
auricle.  By  securing  drainage  through  this  channel,  and 
allowing  the  incision  upon  the  anterior  surface  to  unite  by 
first  intention,  ilie  probability  of  recurrence  is  reduced  and 
all  deformity  avoided. 

Papilloma. — Simple  papillomata  arc  found  upon  the  auricle 
only  in  the  form  of  warls.  Two  instances  of  anomalous  devel- 
opments in  the  epidermal  layer  have  been  reported,  which 
might  properly  be  classed  under  this  term.  These  were  ob- 
served by  Buck,*  and  consisted  of  a  dense,  hornlike  pro- 
tuberance springing  from  the  outer  and  posterior  portion  of 
the  helix.  In  one  of  these  the  excrescence  attained  a  length 
of  three  fourths  of  an  inch,  while  the  base  was  nearly  as 
broad.     Its  growth  had  undoubtedly  been  favored  by  harsh 
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HAUCNANT  TUMORS  OF  THE  AURICLE  AND   OF  THE  MEATUS. 

It  is  comparatively  seldom  that  the  external  car  is  the 
primary  scat  of  a  malignant  neoplasm,  altlii^uy^h  the  condition 
is  occasionally  met  with.  Any  portion  of  the  external  car 
may  be  the  site  ol  the  primary  deposit,  from  which  situation 
the  neoplasm  may  spread  in  any  direction  until  a  large  area  is 
involved.  In  some  instances  the  growth  originates  in  the  cjt. 
lemal  auditory  meatus,  the  auricle  being  attacketi  subsecnient- 
ly,  or  the  reverse  may  be  true,  the  growth  appearing  first 
upon  the  pinna  and  extending  into  the  auditory  meatus. 

Malignant  neoplasms  of  the  deeper  portions  of  the  ear  or 
mastoid  process  arc  still  more  inlrequcntly  met  with.  The 
most  common  malignant  growth  which  aflects  the  region  in 
question  is  epithelioma,  sarcoma  being  of  rare  occurrence. 

Epithelioma. — The  same  causes  operative  upon  other  por- 
tions of  the  body  in  the  production  of  malignant  growths,  act 
here  to  produce  the  condition.  In  a  number  of  instances  per- 
sistent mechanical  irritation  has  seemed  to  be  the  most  prom. 
incnt  causative  (actor.  In  these  cases  a  slight  abrasion  of  the 
external  ear  subsequently  becomes  the  seat  of  a  malignant 
ulceration  on  account  o(  the  persistent  efforts  of  the  patient  to 
relieve  the  local  discomfort  to  which  it  gives  rise.  Individuals 
under  the  age  of  fifty  are  seldom  attacked,  although  in  one 
instance  a  malignant  growth  developed  at  the  age  of  nineteen. 

The  progress  of  these  tumors  is  usually  slower  than  in  the 
other  regions  of  the  body,  several  years  being  required  for 
them  to  reach  any  considerable  size.  Secondary  enlargement 
of  the  cervical  glands  is  not  ordinarily  present,  and  for  this 
reason  the  prognosis  in  malignant  disease  of  the  auricle  is 
relatively  better  than  that  of  a  similar  condition  in  other 
portions  of  the  body.  Even  where  glandular  infiltration  has 
occurred  there  seems  to  have  been  Htlle  tendency  to  sys- 
temic infection,  and  removal  of  the  original  mass  and  of  the 
affected  lymphatics  h.is  been,  in  the  majority  ol  cases,  cffcc- 
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tual  in  curing  the  disease.  That  systemic  infection  is  so 
slight  in  cancer  of  the  external  car  is  probably  due  to  the 
fact  that  the  infectious  material  is  absorbed  from  cartilaginous 
tissue  very  slowly,  and  that  the  local  lesion  develops  to  such 
an  extent  that  it  demands  removal  before  extensive  glandular 
infiltration  has  taken  place. 

The  physical  characteristics  arc  almost  unmistakable.  No 
ulceration  resembles  in  appearance  that  presented  by  an  epi- 
thelioma. Before  ulceration  has  taken  place  it  may  be  im- 
possible to  decide  the  character  of  the  neoplasm,  although 
horn  the  fact  that  it  does  not  resemble  any  of  the  benign 
growths  found  here,  diagnosis  by  exclusion  is  simple. 

After  the  superficial  tissues  have  broken  down  the  eroded 
surface  appears  reddened,  moist,  irregular  in  outline,  and  some- 
what raised  above  the  healthy  integument  surrounding  it. 
It  bleeds  easily  on  touch,  and  is  frequently  tender.  Interfer- 
ence with  the  nutritive  supply  of  the  cartilage  causes  this 
to  become  necrotic,  and  with  the  process  of  exfoliation  inflattt- 
matory  reaction  occurs.  Such  a  condition  is  characterized 
by  the  presence  of  exuberant  granulations  the  same  as  in  a 
simple  perichondritis,  and  during  this  stage  an  error  in  diag- 
nosis may  occasionally  be  made.  The  true  character  of  the 
tumor  can  be  made  out  by  removing  a  small  portion  and  sub- 
mitting it  to  a  microscopical  examination.  The  removal  of  a 
small  fragment  is  easily  accomplished  by  means  of  the  cold 
wire  snare,  and  this  aid  to  diagnosis  should  always  be  cm- 
ployed  before  a  positive  opinion  is  given.  On  account  of  the 
occurrence  of  exuberant  granulation  tissue,  microscopical  evi- 
dence of  a  negative  character  does  not  exclude  malignant  dis- 
ease, although  positive  evidence  settles  the  question  beyond 
a  doubt. 

Treatment. — The  results  of  treatment  arc  unusually  favor- 
able. If  the  mass  is  removed  byradical  measures  there  seems 
to  be  slight  tendency  to  a  recurrence.  Lymphatic  infiltration 
should  be  dealt  with  at  the  same  time,  and  it  is  only  in  ad- 
vanced cases  that  a  fairly  favorable  prognosis  is  unwarrant- 
able. The  treatment  should  be  the  same  as  that  of  malignant 
neoplasms  in  any  portion  of  the  body,  early  removal  by  the 
knife  being  the  only  safe  procedure.  Care  should  be  taken 
that  every  vestige  of  the  growth  is  excised,  the  incision  pass- 
ing beyond  the  limits  of  infiltration  and  lying  in  perfectly 
healthy  tissue.     The  exact  plan  to  follow  will  vary  with  the 
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different  cases.  [( the  auricle  alone  Is  invalvecl,  and  the  in< 
filtration  is  extensive,  it  is  best  to  amputate  the  pinna  at  once. 
If  possible,  when  this  is  done  care  should  be  taken  to  pre- 
serve enough  of  the  integument  about  the  orifice  of  the 
meatus  to  permit  of  its  being  sutured  to  the  skin  ol  the  face, 
thus  securing  a  patulous  external  canal  lined  with  epidermis. 
Where,  however,  the  growth  has  extended  ever  so  slightly 
into  the  canal,  the  auricle  and  the  entire  cartilaginous  meatus 
should  be  removed.  When  this  is  necessary  it  is  almost  hope- 
less to  attempt  to  secure  a  patent  external  meatus,  although 
the  effort  should  be  made.  For  this  purpose  a  drainage  lube, 
either  o(  soft  rubber,  silver,  or  aluminium,  should  he  Iccpl  con- 
stantly  in  the  caniU  in  order  to  preserve  ils  lumen.  Such  a 
device  may  be  worn  for  a  long  period,  and  be  removed  once 
daily  lor  the  purpose  of  cleansing  the  passage,  being  quickly 
replaced  to  prevent  the  occlusion  of  the  cnnal  by  the  granu- 
lation tissue.  Even  after  such  a  tube  has  been  worn  many 
months  the  attempt  frequently  fails.  It  may  be  possible  in 
s<3me  instances  to  employ  skin  gralting,  either  by  Thiersch's 
method  or  by  twisting  a  small  llap  from  the  adjoining  region 
into  the  orifice  of  the  canal,  and  thus  secure  a  proper  tegumen- 
tary  lining.  I  have  tried  neither  of  these  methods,  since  the 
procedure  was  not  suited  to  the  two  cases  which  came  un<ler 
my  observation.  In  one  instance,  where  the  growth  involved 
the  posterior  wall  of  the  canal,  the  meatus  was  completely  ob- 
literated in  spite  of  persistent  efforts  to  maintain  its  patency. 
In  a  second  case  a  perfectly  patent  canal  was  obtained  by 
uniting  the  integument  of  the  anterior  wall  of  the  passage 
with  the  margin  of  the  cutaneous  incision  through  the  skin  of 
the  face,  the  cutis  being  dissected  up  for  a  considerable  dis- 
tance to  permit  displacement  toward  the  meatus.  Coaptation 
o(  the  edges  was  not  attained,  and  this  does  not  seem  to  be 
necessary.  The  sutures  may  cut  through  at  the  end  of  a  few 
hours  and  still  perform  a  very  important  function,  the  parts 
ticing  held  in  position  for  a  sufficient  length  of  time  lo  become 
so  firmly  fixed  by  plastic  cflusion  as  not  to  retract  to  any  ex- 
tent after  the  sutures  have  given  way.  In  the  instance  named, 
a  considerable  portion  o(  the  wound  healed  by  granulation, 
and  there  was  scarcely  any  deformity,  and  but  sii[jhl  con. 
traction  at  the  entrance  of  the  meatus. 

In  excising  a  growth  oi  this  character  involving  a  large 
IKirtion  o(  the  auricle,  a  little  care  will  enable  the  operator  to 
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replace  the  parts  in  such  a  manner  as  to  prevent  disfigure- 
ment. Where  the  parotiti  gland  is  involved,  it  is  seldom  wise 
to  attempt  extirpation,  althoug-h  in  a  robust  patient  it  is  per- 
missible. As  the  facial  nerve  passes  through  this  larg-c  glan- 
dular mass,  it  is  well  (o  warn  the  patient  of  the  possibility  of 
facial  paralysis  following  the  operation. 

No  special  suggestions  are  necessary  concerning  the 
course  to  be  pursued  with  the  lymphatic  enlargements. 
These  are  dealt  with  on  general  surgical  principles.  The 
employment  of  ihe  galvano-cautery,  the  cold  snare,  chemical 
caustics,  etc..  (or  ihe  removal  or  the  destruction  of  a  malig- 
nant neoplasm  of  the  auricle  seems  to  the  author  scarcely 
justitiabtc,  although  many  have  used  the  potential  cautery 
upon  small  growths  of  this  character,  with  eminently  satis* 
factory  results. 

Sarcoma.— Occasionally  a  sarcomatous  neoplasm  origi- 
nates primarily  in  the  external  car,  or,  on  the  other  hand, 
this  organ  may  he  involved  by  conligutty  of  structure  from  a 
similar  growth  in  the  cervical  region.  The  growth  exhibits 
no  preference  for  any  particular  region,  any  part  of  the  exter- 
nal ear  being  equally  liable  to  involvement.  Extension  to  the 
external  auditory  meatus  has  occurred,  and  the  possibility  of 
this  should  always  be  borne  in  mind.  Such  an  extension  to  the 
canal  renders  extirpation  of  the  growth  less  easy  and  the  pos- 
sibility of  its  occurrence  constitutes  a  plea  for  early  operation. 

The  tumor  varies  in  appearance  according  to  its  situatioa. 
and  differs  from  an  epithelioma  in  that  ulceration  of  the  sur- 
face does  not  take  place  until  a  comparatively  late  period. 
The  mass  is  less  firm  than  an  epitheliomatous  tumor,  is  usu- 
ally more  vascular,  the  surface  being  frequently  traversed  by 
tortuous  blood  vessels.  The  tumor  may  grow  slowly  and 
exist  lor  many  yvars  without  giving  rise  to  symptoms  suffi- 
ciently urgent  to  demand  operative  treatment:  on  the  other 
hand,  these  tumors  sometimes  increase  rapidly  in  size  and 
demand  interference  at  an  early  period. 

Treatment. — The  successful  treatment  depends  upon  the 
complete  removal  of  the  growth,  and  in  these  cases,  owing  to 
the  increased  vascularity  of  the  mass,  it  may  be  wise  to  em- 
ploy the  cold  or  incand{*sccnt  tcraseur  or  the  galvano-cautery 
knife.  If  the  mass  is  completely  removed  at  the  point  of  pri- 
mary deposit,  recurrence  seldom  occurs.  Systemic  infection 
is  rare. 
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//.    DISEASES  OF  THE  EXTERNAL  AUDITORY 

ME  A  TUS. 


Diseases  of  the  external  auditorv  canal  mav  be  divided 
into  two  classes  as  regards  their  causation,  duration,  and 
extent. 

As  regards  causation,  cither  primary  or  secondary. 

As  regards  duration,  either  acute  or  chronic. 

As  regards  extent,  cither  circumscribed  or  difTuse. 

While  inflammatory  changes  in  this  region  arc  often  sec- 
ondary to  some  coexisting  condition  of  the  tympanunn,  either 
circumscribed  or  diffuse  inflammation  may  occur  as  an  idio- 
pathic disease  both  in  the  acute  and  chronic  form. 


CHAPTER   XI. 
circuuscribeu  external  otitis. 

Acute  Cikcumkckihkd  Exteknal  Otitis. 

Olitii  rxCcma  eirruminipta  aemta.    Fmmn{le. 


^tiolog^. — The  occurrence  of  a  circumscribed  inflamma- 
tion within  ihc  auditory  canal  is  usually  due  cither  to  mechan- 
ical irritation,  the  result  of  scratching  the  car  with  the  finger 
or  with  some  blunt  or  sharp  instrument:  (o  inoculation  in  the 
same  manner:  to  a  loss  oi  supcrliciat  epithelium  as  a  result 
ol  some  cutaneous  disease,  the  abraded  surface  forming  the 
point  of  entrance  for  [latliological  bacteria;  or,  where  the  tym- 
panum is  the  scat  of  a  purulent  inflammation,  the  local  infec- 
tion may  take  place  through  the  ducts  of  the  glands  with 
which  the  meatus  is  supplied. 

It  is  doubtful,  probably,  whether  alt  cases  are  not  the 
result  of  some  local  infection,  but  certain  constitutional  con. 
ditions  predispose  strongly  to  the  disease  under  considera- 
tion.   The  local  lesion  sometimes  appears  without  any  dtst 
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cernible  source  of  local  infection — in  oUier  words,  it  occurs 
as  an  idiopathic  diseiise.  Marked  impairment  0/  the  general 
heahli.  disturbance  of  the  tiigestive  system,  anjcmia,  and  dia- 
bctcs  render  an  individual  particularly  susceptible  to  the 
malady. 

Patholo^. — From  the  anatomical  structure  of  the  meatus. 
it  follows  that  as  tlic  external  or  hbro-cartilagrinous  portion 
is  freely  supplied  with  glands,  this  is  the  part  most  usually 
attacked.  The  inferior,  posterior,  and  superior  walls  arc 
more  frequently  affected  than  is  the  anterior.  Usually  the 
focus  of  the  inflammation  is  situated  nc;ir  the  orifice  of  the 
meatus,  although  it  may  be  located  in  any  portion  of  the 
canal,  and  occasionally  is  met  with  in  llic  osseous  part.  The 
abscesses  occur  usually  in  groups  rather  than  singly,  due  to 
the  fact.  prolKibly,  that  infectious  material  from  the  same 
source  has  inoculated  several  glands  simultaneously.  The 
disappearance  of  one  "crop"  is  apt  to  be  followed  by  an- 
other, thus  prolonging  the  course  of  the  affection.  This  is 
■  especially  true  where  any  diathetic  condition  is  present. 

Loewenberg*  lays  great  stress  upon  the  fact  that  certain 
micro-organisms  are  found  in  the  pus  discharged  from  these 
small  abscesses.  Schtmmelbusch.t  working  in  the  same  line, 
likewise  attributes  the  local  abscess  to  the  presence  of  a  ba- 
cillus, but  has  shown  that  an  abrasion  of  the  normal  epithe- 
lium is  necessary  in  order  that  the  germ  may  develop  at  any 
point.  It  has  already  been  staled  thai  an  asthenic  constitu- 
tional condition  in  many  cases  predisposes  to  the  formation 
of  these  abscesses,  the  power  of  rcsisiancc  to  any  morbid  pro. 
cess  under  these  circumstances  being  niiich  reduced.  There 
is  considerable  evidence  lo  show  that  a  trophic  disturtrance 
caused  by  some  obscure  condition  in  the  nerve  trunks  which 
supply  the  meatus  may  also  be  the  prominent  causative 
factor. 

Urbantschitsch  {  has  reported  instances  where  a  derange- 
ment of  the  trophic  nerves  of  one  side,  due  to  a  local  lesion, 
was  followed  very  quickly  by  the  development  of  a  furuncle 
in  that  portion  of  the  canal  of  the  opposite  side,  supplied  by 
the  corresponding  nerve.    I   myself   have   seen   two  cases 
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which  vrere  undoubtedly  of  a  reflex  tropho- neurotic  character. 
One  occurred  in  a  boy,  aged  fifteen,  who  suffered  from  a 
severe  traumatic  external  otitis,  the  abscess  being  located  on 
the  posterior  wall  of  the  canal.  Notwithstanding  the  fact 
that  the  patient  was  in  excellent  general  condition,  the  oppo- 
site canal,  which  was  apparently  healthy  up  to  this  time,  was 
similarly  affected  about  four  days  after  the  incision  of  the 
6rst  abscess.  The  identity  in  the  location  of  the  abscess 
upon  cither  side  and  the  absence  of  any  other  exciting  cause, 
seemed  to  place  this  second  furuncle  in  the  category  under 
discussion.  In  the  second  case  the  development  of  a  small, 
circumscribed  area  of  inflammation  upon  the  fioor  of  the 
right  meatus  was  foUowi-d  within  twenty-four  hours  by  an 
exactly  similar  condition  in  the  same  location  upon  the  oppo- 
site side.  In  this  short  interval  the  local  process  had  reached 
maturity,  and  when  the  [laiicnt  was  seen  the  second  abscess 
was  discharging,  although  the  region  had  been  inspected  with 
great  care  less  than  twenty-four  hours  previously,  and  was, 
at  that  time,  in  a  perfectly  normal  condition. 

Wc  must  believe,  therefore,  that  the  cause  may  be  reflex 
in  character  even  in  cases  where  the  general  health  is  unim- 
paired. After  infection  has  taken  place,  the  inflammatory  pro- 
cess advances  rapidly,  the  central  portion  of  the  affected  area 
losing  its  vitality  and  being  discharged  either  in  the  form  of 
pus  or  sometimes  as  a  distinct  mass  of  necrotic  tissue.  Ordi- 
narily the  inflammation  does  not  extend  deeply  by  ccmtiguity 
of  structure,  but  when  very  severe  the  underlying  tissues 
may  become  affected,  dcvcUiping  a  perichondritis  of  the  canal 
or  auricle.  This  is  particularly  apt  to  take  place  when  the 
furuncle  is  located  on  the  anterior  wall,  the  entire  tragus  be- 
coming involved.  Exceptionally,  the  aflection  may  lead  to  a 
diffuse  external  otitis,  which,  spreading  along  the  posterior 
wall  of  the  canal,  may  give  rise  to  pcriosteitts  of  the  osseous 
portion,  and  may  thus  by  exten»on  involve  the  middle  ear 
itself.  In  either  event  extension  to  the  mastoid  cells  may 
occur. 

Symptomatology. — The  first  symptoms  with  which  the  dis- 
ease is  ushered  in  is  usually  a  feeling  of  fullness  or  discomfort 
in  the  ear,  or  sometimes  a  slight  itching  sensation,  cau.sing  the 
patient  to  press  the  finger  against  the  tragus.  Soon,  how- 
ever, he  finds  that  this  part  is  tender  upon  pressure,  and 
ft  little  later  spontaneous  pain  in  the  ear  becomes  very  well 
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marked.  At  this  juncture  the  hearing  becomes  considerably 
interfered  with,  owing  to  the  stenosis  ol  the  meatus  resulting 
from  the  tumefaction.  For  the  same  reason  there  b  fre- 
quently tinnitus,  usually  rather  high  pitched  in  character, 
which  increases  as  the  affection  progresses-  This  mav  be 
due  either  to  stenosis  of  the  canal  or  to  the  congestion  of  the 
deeper  structures  from  the  increased  blood  supply.  The 
pain  increases  in  severity,  so  that  within  twent3'-four  hours 
from  the  first  feelings  of  discomfort  it  may  be  almost  un- 
bearable, while  the  car  continues  to  be  very  lender  to  the 
touch,  especially  when  pressure  is  exerted  in  front  of  the  tra- 
gus. From  the  intimate  relation  between  the  cartilage  of  ttie 
tragus  and  the  intermaxillary  articulation  the  motions  of  the 
lower  jaw  are  interfered  with,  and  mastication  frequently  be- 
comes so  painful  that  the  patient  can  take  liquid  food  only. 
The  spontaneous  pain  is  especially  severe  at  night  aod  tit- 
quently  may  prevent  sleep,  although  during  the  day*  the  p*. 
ticnt  may  be  able  to  follow  his  vocation.  It  the  abscess  a 
located  upon  the  anterior  wall  of  the  canal  the  parts  in  inn 
of  the  ear  appear  swollen  and  slightly  turgescenL  If,  cm  the 
contrary,  the  posterior  wall  of  the  canal  is  affected, one  ot  the 
frequent  symptoms  noticed  is  an  undue  prominenoe  ol  tlie 
auricle,  the  external  ear  being  crowded  somewhat  forvtrd 
and  standing  out  more  prominently  from  the  side  of  ifae  head 
than  docs  its  IcIIow  on  the  opposite  side.  When  the  faraade 
is  in  this  location,  also,  the  slightest  pressure  upoo  any  por- 
tion of  the  pinna  causes  intense  suffering.  When  the 
is  situated  upon  the  posterior  wall,  a  not  infrequent  sy 
and  one  to  which  the  patient  is  apt  to  attach  undue  srarkr. 
is  a  marked  oedema  of  the  integument  behind  the  ear. 

Infiltration  of  the  cervical  glands,  and  also  of  the  preas- 
ricular  glands,  is  of  common  occurrence,  the  former  gnvf 
rise  to  a  hard,  irregular  swelling  extending  from  )v9t  btiaim 
the  lobule  downward  along  the  course  of  the  sit 
muscle  to  the  angle  of  the  jaw,  while  in  the  Uner< 
side  of  the  face  immediately  in  front  of  the  ear  pT 
irregular  indiirarion  due  to  an  inflammation  of  the  It 
nodules  in  this  region.  The  parotid  gland  itself  tmrjAM 
ticipate  in  this  inflammatory  process,  causii^  its  o^b 
become  distinctly  defined  both  to  ocular  inspectiaB  ai 
palpation.  This  is  due  to  secondary  engorgcacH  ^ 
gland,  and  consequently  suppurative  inHaraniation  at  Ac] 


¥ 


DIAGNOSIS.  23 1 


Ud  occasionally  complicates  a  circumscribed  external  otitis. 
()ccasionally  we  find  directly  behind  the  auricle,  a  rather 
prominent  group  o(  small  lymphatic  glands;  when  these  arc 
present  a  localized  inBararaation  upon  the  posterior  wall  of 
the  canal  is  attended  by  cunsiderabiu  infiltration  ol  these 
structures,  in  which  case  the  oedema  before  spoken  ol  is  re- 
placed by  an  irregular  induration  which  Is  so  poorly  defined 
in  its  limitations,  that  it  may  be  mistaken  for  an  inflammatory 
condition  of  the  mastoid  periosteum. 

Constitutional  symptoms  are,  as  a  rule,  not  well  marked. 
The  attack  may  run  its  course  in  an  adult  with  scarcely  any 
elevation  of  temperature,  or  the  temperature  may  be  slightly 
elevated— reaching  perhaps  99"  or  100°.  If  glandular  inflam- 
mation is  present  as  a  secondary  affection,  the  temperature  is 
more  apt  to  be  elevated  than  when  this  does  not  exist.  A  feel- 
ing of  general  malaise,  headache,  loss  of  appetite,  etc.,  is  attrib- 
utable rather  to  the  loss  of  sleep  and  the  discomfort  attendant 
upon  the  condition  within  the  canal  than  to  any  actual  systemic 
infection.  After  these  symjrtoms  have  persisted  for  from  forty- 
eight  hours  10  three  or  four  days,  they  disappear  quite  sud- 
denly,  and  coincident  with  their  cessation  a  purulent  discharge 
appears  in  the  meatus.  This,  it  need  scarcely  be  stated,  is  due 
to  the  spontaneous  rupture  of  the  abscess,  the  discharge  of  its 
contents  causing  an  abatement  of  all  the  distressing  manifes- 
tntions. 

As  stated  under  i'alhology,  however,  those  abscesses  ordi- 
narily appear  in  groups,  so  that  in  the  course  of  a  lew  days 
the  symptoms  already  narrated  are  repeated.  II  the  inflam- 
matory process  extends  to  the  tympanum  or  to  the  mastoid 
cells,  the  pain  becomes  more  intense  and  the  constitutional 
symptoms  also  are  more  marked.  The  temperature  rises,  the 
pain  instead  of  being  localized  involves  the  entire  temporal 
region,  or  may  manifest  ilscU  as  a  severe  general  headache. 
The  impairment  in  hearing  and  the  subjective  disturbances 
become  more  marked,  and  the  gravity  of  the  affection  is  evi. 
dcnced  by  the  increased  prostration  from  which  the  patient 
suffers, 

Diagnosis. — It  would  seem  that  the  diagnosis  of  such  an 
afTcction  would  present  no  ditHcultics,  but  this  is  frequently 
by  no  means  simple.  In  the  early  stages  the  patient  is  not 
able  to  localize  the  pain,  but  complains  simply  of  a  feeling  of 
discomfort  and  heaviness  in  the  head,  and  may  even  ignore 
16 
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thecarcntircly  and  refer  all  the  painful  sensations  to  the  pres> 
ence  of  carious  teeth.  An  inspection  of  the  ear  at  this  period 
may  reveal  absolutely  nothing.  If,  however,  wc  supplement 
ocular  inspection  by  carefully  testing  the  sensitiveness  of  the 
walls  of  the  canal  by  means  of  a  cotton-tip[>cd  probe,  usually 
some  one  point  will  be  found  where  pressure  causes  the  pa- 
tient to  wince  slightly.  Too  much  stress  can  not  be  laid,  how- 
ever, upon  the  necessity  of  first  inspecting  the  ear  without  the 
use  of  the  speculum,  the  auricle  being  drawn  upward  and 
backward,  or  in  a  very  young  child  downward  and  backward, 
and  the  entrance  of  the  meatus  first  examined  by  reflecled 
light  before  the  introduction  of  any  instrument.  It  is  well, 
also,  to  press  gently  upon  the  posterior,  infciior.  superior,  and 
anterior  walls  of  ihc*  canal  with  the  cotton-tipped  probe  before 
introducing  the  speculum,  in  order  to  recognize  any  tender 
point  which  might  escape  detection  after  the  insertion  ol  the 
instrument.  Very  frequently,  at  an  early  stage,  this  tender- 
ness may  be  the  only  evidence  suggestive  of  the  local  lesion. 
If  this  examination  is  made  before  the  speculum  is  inserted, 
a  very  slight  tumefaction  may  be  observed  encroaching  upon 
the  lumen  of  the  canal,  from  one  o(  its  walls.  This  area  may 
not  differ  in  color  from  the  surrounding  parts,  or  it  may  be 

of  a  slightly  pinkish  or  red* 
dish  hue.  This  alteration 
In  color  is  seldom  notice* 
able,  and  the  insertion  of  the 
speculum  may  entirely  ob- 
literate the  local  swelling. 
The  deeper  parts  should  be 
tested,  after  the  speculum 
has  been  introduced,  by 
means  of  the  probe  in  the 
manner  already  described, 
and  the  presence  of  one  or 
more  lender  points  be 
looked  upon  with  suspicion. 
If  the  local  process  is  more 
advanced  the  areas  of  tume- 
faction arc  easily  recognized 
(Fig.  77);  if  the  inflammatory  process  is  located  near  the 
orifice  ol  the  canal,  the  introduction  of  the  speculum  may  be 
painful.      As  many  patients,  however,  vrincc  slightly  upon 
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the  introduction  of  any  instrument  into  the  meatus,  this  sign 
should  be  accepted  with  considerable  caution.  As  has  been 
stated,  circumscribed  inflammation  of  the  canal  is  usually 
located  in  the  movable  portion,  and  although  occasionally 
occurring  in  the  osseous  segment,  any  localized  tumefaction 
in  this  region  should  be  looked  upon  with  great  suspicion, 
especially  if  situated  upon  the  superior  posterior  wall,  since 
ia  this  locality  the  mastoid  antrum  is  separated  from  the 
meatus  by  a  comparatively  thin  plate  of  bone,  and  an  inflam. 
mation  within  the  mastoid  cells  often  causes  an  encroachment 
upon  the  lumen  of  the  canal  in  this  locality.  When  this  ia 
the  condition  otoscopic  ex- 
amination gives  the  impres- 
sion of  a  canal  which  rapid- 
ly becomes  narrow  at  the 
fundus,  the  line  of  demar- 
cation between  the  drum 
membrane  and  the  isuperior 
and  posterior  walls  of  the 
meatus  being  poorly  de- 
fined. In  some  instaitccs 
only  a  small  slillikc  open- 
ing is  visible  at  the  inner 
extremity  of  the  canal,  the 
membrnna  tympani  being 
completely  hidden  from 
view  except  over  this  area 
(Fig.  78).  Such  a  condition 
means,  almost  invariably,  a  collection  of  fluid  within  the  mas- 
toid antrum,  and  always  indicates  an  aHcctiun  of  the  deeper 
stnicturcs,  although  the  process  may  have  had  its  origin  in 
the  external  meatus ;  in  other  words,  the  affection  is  no  longer 
confined  to  the  meatus,  but  involves  the  middle  car.  On  the 
contrary,  in  furuncular  inflammation  the  greatest  narrowing 
is  at  the  orifice  of  the  meatus,  and  if  the  speculum  can  once 
be  carried  past  this  obstruction,  which  lies  comparatively 
near  the  external  opening  of  the  canal,  an  unobstructed  view 
can  be  obtained  of  the  parts  that  lie  beyond.  Where  a  cir- 
cumscribed external  olitis  occurs  in  an  ear  which  is  already 
(he  scat  of  a  purulent  inflammation  ol  the  tympanum,  the 
location  of  the  tumefaction  in  the  superficial  meatus  will  fre- 
quently enable  us  to  distinguish  between  a  simple  circum- 
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scribed  external  ottlis  and  one  due  to  an  innammation  of  tbe 
mastoid  process  (compare  Figs.  77  and  78). 

Extcrn.il  manipulation  will  reveal  considerable  tenderness 
upon  pressure  in  front  of  the  tragus  il  the  anterior  wall  isaf> 
fccted  ;  indeed,  as  the  entire  fibro-cartilaginous  portion  uf  the 
canal  is  moved,  to  a  certain  extent,  by  any  pressure  in  this 
region,  this  test  in  adults  is  of  great  importance  in  making  the 
differential  diagnosis  between  inflammatory  affections  of  the 
meatus  as  distinguished  fruni  those  of  deeper  parts^that  is,  ol 
the  middle  ear  or  of  the  mastoid  process.  In  the  same  way 
if  the  auricle  be  grasped  firmly  and  moved  in  various  direc- 
tions, any  inflammation  in  the  canal  will  be  evidenced  by  the 
pain  which  this  manipulation  causes.  It  is  also  well  to  czert 
pressure  upon  the  walls  of  the  canal  from  below  upward  and 
from  a[)ure  downward,  and  from  behind  forward  successively. 
II  the  cartilaginous  meatus  is  affected  it  will  be  scarcely  pos- 
sible not  to  elicit  some  tcndcrncaa,  no  matter  where  the  ab- 
scess is  located.  The  occurrence  of  oedema  over  the  mastoid 
process  may  lead  to  the  erroneous  supposition  that  the  osseous 
structures  have  become  involved.  This  mistake  need  never 
be  made  if  care  is  taken  to  test  for  the  presence  of  tenderness 
over  the  mastoid  process  itself,  without  comnmnicating  any 
motion  to  the  auricle  in  applying  the  pressure.  To  do  this 
the  fingers  of  the  hand  are  rested  lightly  upon  the  side  of  the 
head,  while  the  thumb  is  pressed  firmly  over  the  (rdemalous 
area,  taking  care  that  this  pressure  shall  be  exerted  just  be- 
hind the  line  of  insertion  of  the  auricle,  and  in  a  dircctionA 
backward  and  inward  rather  than  forward  and  inward.  In 
this  way  the  movable  portion  of  the  canal  is  in  no  way  dis- 
turbed and  the  pressure  is  brought  to  bear  directly  upon  the 
mastoid  process.  It  will  be  found  that  where  the  inflamma- 
tion is  conlined  to  the  canal  alone  no  tenderness  is  elicited  by 
this  manipulation,  although  the  thumb  may  sink  quite  deeply 
into  the  a:dematous  tissues  and  leave  its  imprint  there  when 
removed.  As  soon,  however,  as  the  pressure  is  directed  in 
the  slightest  degree  forward,  so  as  to  move  cither  the  auricle 
or  the  tibrO'Cartilaginous  canal,  the  patient  gives  evidence  of 
intense  suffering.  Although  simple  in  execution  this  point  is  _ 
of  great  value,  especially  in  differential  diagnosis.  In  thefl 
same  manner  a  careful  examination  of  the  glandular  infiltra- 
tion, cither  behind  the  car  o<  below  it,  will  usually  enable 
one  to  recognize  its  nature  in  distinctiou  from  a  mastoid  peri- 
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Osteitis,  or  an  extravasation  of  pus  due  to  the  spontaneous 
evacuation  of  tlic  mastoid  abscess  beneath  the  sterno-mastoid 
muscle  through  the  diagastric  fossa.  In  some  instances,  how- 
ever, it  will  be  necessary  to  observe  the  condition  for  several 
days  before  an  exact  opinion  can  be  arrived  at. 

A  suppurative  inflammation  of  the  parotid  gland  may  oc- 
casionally lead  to  error.  This  condition,  from  the  local  ten- 
derness, the  severe  pain  upon  mastication,  and  the  local  tu- 
mefaction of  the  antcro-infcrior  wall  of  the  canal  just  within 
the  orifice  of  the  meatus,  may  sometimes  be  mistaken  for  a 
funinclc :  especially  is  this  the  case  when  wc  remember  that 
we  frequently  find  the  parotid  enlarged  secondarily  as  the 
result  of  the  circumscribed  external  otitis  located  here.  Prac- 
tically such  an  error  would  be  a  matter  of  no  significance, 
since  the  treatment  would  be  the  same.  Upon  evacuation  of 
the  abscess,  either  spontaneously  or  by  incision,  the  quantity 
of  pus  discharged  would  re.idily  show  whether  wc  had  to 
deal  with  Kim|>le  localised  inll:inim:ttioii  of  the  canal,  or  with 
a  breaking  down  of  the  substance  of  the  parotid,  in  which  the 
pus  had  made  its  way  to  the  surface  in  this  situation. 

Prognosis. — When  uncompticatcd.  the  affection  ordinarily 
runs  its  course  in  from  four  to  eight  days,  the  symptoms 
being  at  their  height  about  the  third  day.  Care  must  be  exer- 
ciscd  in  expressing  an  opinion  upon  this  point,  as  the  succes- 
sive infection  of  other  areas  may  prolong  the  affection  consid- 
erably. The  general  health  of  the  patient  is  a  fact  of  great 
importance  in  considering  how  rapidly  the  termination  of 
the  disease  may  be  expected,  reinfection  being  much  more 
apt  10  take  place  if  the  general  condition  is  impaired.  Per- 
sonal cleanliness,  precise  attention  in  carrying  out  the  local 
measures  instituted  for  the  relief  of  the  condition,  and  the 
avoidance  of  any  unnecessary  handling  of  the  part — all  aid  in 
bringing  about  a  speedy  termination,  So  far  as  danger  to  life 
is  concerned,  this  is  usually  considered  almost  m'/.  It  should 
be  remembered,  however,  tliat  in  exceptional  instances  exten- 
sion takes  place  both  to  the  mastoid  cells  and  to  the  middle 
car,  and  that  death  has  resulted  from  meningitis  or  sinus 
thrombosis.  Occasionally  dehiscences  exist  in  the  walls  of 
the  osseous  meatus,  rendering  extension  to  the  intracranial 
structures  easy.  It  should  :dsu  be  remembered  that  aficr 
the  contents  of  (he  abscess  have  been  evacuated,  either  spon- 
taneously or  by  incision,  a  denuded  suriace  remains,  through 
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which  infection  may  easily  lake  place.  The  author  has  seen 
one  instance  of  erysipelatous  infection  in  this  region,  resulting 
in  death. 

Treatment — If  observed  curly,  our  first  e0orts  should  be 
directed  to  abort  the  attack,  if  possible,  and  thus  prevent  pus 
formation.  With  this  end  in  view,  the  local  abstraction  o( 
blood  by  means  of  the  natural  leech,  or  better,  perhaps,  by  the 
wet  cup,  should  be  instituted  at  once.  If  the  area  in  front  ol 
the  tragus  is  tender  the  blood  should  be  abstracted  from  this 
region.  In  an  adult  two  ounces  of  blood  may  be  taken  away 
if  the  wet  cup  is  used;  if  the  natural  leeches  are  preferred, 
two  or  three  may  be  applied  directly  in  front  of  the  tragus. 
When  the  posterior  or  superior  wall  is  the  site  of  the  inflam- 
mation tiie  best  results  are  obtained  by  abstracting  blood  from 
the  mastoid  region.  Owing  to  the  free  intercommunication 
of  blood  vessels  in  this  region  it  is  usually  wise  to  take  away 
a  greater  quantity  here  than  when  the  leeches  arc  applied 
in  front  of  the  tragu.s.  With  reference  to  the  relative  value 
of  the  wet  cup  and  the  natural  leech,  it  should  be  stated  that 
the  wet  cup  is  to  be  decidedly  preferred,  except  perhaps  in 
the  case  of  children  under  six  or  seven  years  of  age,  who  may 
object  less  forcibly  to  the  natural  leech  than  any  instrumental 
procedure.  If  the  natural  leech  is  used,  the  meatus  should 
be  occluded  with  cotton  to  prevent  the  animal  from  attach- 
ing itself  within  the  canal,  an  accident  which  has  occurred  in 
several  instances.  The  chief  objection  to  natural  leeches  is 
that  in  many  cases  they  are  diflicult  to  apply,  and  the  precise 
quantity  of  blood  taken  away  can  not  be  estimated.  The  re- 
sulting hajmorrhagc  frequently  continues  for  a  considerable 
time  after  the  leeches  have  been  removed,  and  may  be  a  source 
of  annoyance  both  to  the  patient  and  his  friends.  Quite  a  num- 
ber of  instances  have  been  reported  in  which  erysipelas  has 
followed  their  application,  a  fact  which  certainly  constitutes 
a  grave  objection.  The  wet  cup,  on  the  contrary,  affords  us 
a  means  of  taking  away  the  exact  amount  of  blood  we  deem 
desirable;  it  can  be  easily  applied,  and,  if  carefully  done,  its 
use  is  not  attended  by  any  more  than  trifling  nuimentary  pain. 
In  very  young  children  restraint  will  always  be  necessary 
whichever  method  is  used,  while  adults  almost  invariably 
prefer  to  endure  the  momentary  suffering  which  the  artificial 
leech  causes,  rather  than  to  subject  themselves  to  the  annoy- 
ance which  the  application  of  the  natural  leech  entails.    The 


I 


TRE  ATM  ENT— BLOODLETTING. 

instrumental  abstraction  of  blood  may  be  effected  by  the  use 
of  a  device  which  consists  of  a  glass  tube  closed  at  one  end, 
while  the  mar{;in  o(  the  open  extremity  is  ground  accurately 
to  permit  of  its  exact  application  to  the  integument.  The 
interior  of  the  tube  is  fitted  wilh  an  air-tight  piston,  the  rod 
of  which  is  provided  with  a  thread.  The  other  extremity  oi 
the  tube  is  provided  with  a  cap  through  which  the  piston  rod 
passes.  Beyond  the  cap  the  piston  rod  in  provided  with  a 
nut  which  traverses  the  thread  upon  the  rod ;  by  turning  this 
nut  the  piston  is  made  to  travel  the  length  of  the  tube. 

If  now  the  piston  is  lowered  as  much  as  possible,  and  the 
open  extremity  of  the  tube — previously  smeared  with  a  little 
vaseline — is  applied  closely  to  the  skin,  successive  turns  o( 
the  nut  will  exhaust  the  air  from  the  tube  and  cause  an  in- 
tense congestion  of  the  area  \vhich  it  covers,  while  the  soft 
parts  will  bulge  into  the  tube  as  tlie  air  above  is  rarefied, 
and  the  pressure  of  the  air  without  will  be  sufficiently  great 
to  hold  the  apparatus  in  position.  This  process  of  dry  cup- 
ping may  of  itself  be  sufficient  in  certain  instances  to  relieve 
the  symptoms:  if,  however,  it  is  decided  to  abstract  a  certain 
quantity  of  blood,  the  cup  should  be  left  in  position  for  a 
few  minutes,  after  which  it  should  be  removed  and  the  local 
congested  area  punctured  in  several  places,  cither  by  means 
of  a  small,  sharp  knife  or  by  a  scarificator,  shown  in  Fig.  79. 


Fig.  79.— Bacon'i  iciri5»tor. 

In  cither  case  the  process  is  not  painful,  as  the  turgescence  of 
the  parts  is  so  great  that  but  little  sensitiveness  remains.  The 
cup  should  now  be  cjuickly  reapplied,  when  a  free  flow  of 
blood  follows,  and  as  much  may  be  removed  as  seems  desira- 
ble. The  application  of  this  instrument  would  at  first  seem 
painful,  on  account  of  the  local  tenderness  in  the  immediate 
vicinity  of  the  car;  it  should  be  remembered,  however,  that 
local  bloodletting  is  applicable  only  to  the  early  stages 
of  the  disease,  at  which  period  this  tenderness  is  not  well 
marked. 

In  place  of  the  instrument  mentioned  above,  the  author 
employs  one  in  which  the  scarification  is  performed  without 


and  thus  Ine  neces- 
sity of  carrying 
cumbersome  appa- 
ratus is  avoided. 

As  bcrorc  stated. 
local  bloodletting  is 
of  value  in  aborting 
the  a'fTection  only 
in  the  very  early 
stages.  When  the 
pain  has  lasted  for 
thirty  six  or  Itirly. 
eight  hours  before 
the  patient  is  seen 
for  the  first  time, 
this  procedure  will 
almost  always  be 
useless  as  a  prophy- 
lactic mensiirc,  al- 
though it  may  tem- 
porarily relieve  I  he 
pain;  usually,  hf)w- 
cvcr.  it  only  adds 
to  the  discomfort 
which  the  patient 
is  already  suffering. 
After  the  abstraction  of  a  certain  amount  of  blood  in  the 
very  early  stajjcs,  the  local  application  of  cold  is  of  undoubt- 
ed benefit,  both  lor  the  relief  of  pain  and  for  the  purpose  of 
aborting  the  attack.  When  the  locus  of  inflammation  is  lo- 
cated upon  the  posterior  wall  of  the  canal,  the  application 
of  cold  may  be  made  by  means  of  the  Leiter  coil,  shown  in 
Fig.  8i,  the  coil  being  so  molded  that  it  ap]>lies  itself  closeljr 
to  the  surface  of  the  mastoid.  The  aural  ice  bag  shown  in 
Fig.  70  may  also  be  employed  for  the  same  purpose.  When 
the  focus  of  inflammation  is  situated  elsewhere,  the  coil  be- 
hind the  ear  is  of  but  little  value,  and,  in  order  to  be  efficient. 


Pic.  80. — Auih«r'i  utifici*!  leech, 
odDtiled  to  ihc  ordiruiry  hnrd. 
nibficresr  '.yriii;;«?.  Tlip  [tUloil- 
i™i  of  ihc  tiyrinRC  U  nrrangeil 
with  A  bnynnirl  I'lKch  tuhold  i[  In 
pokilian  wlicn  it  is  withdrawn, 
thu«  mAiiitniiiing  the  vccuuin. 
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such  an  apparatus  must  be  so  arranged  that  a  continuous 
stream  o(  cold  water  is  made  to  pass  through  a  tube  bent  in 
the  form  at  the  letter  U,  and  of  such  dimensions  that  it  may 
be  inserted  into  the  auditory  meatus.  Theoretically,  this  is 
the  ideal  method  of  treatment; 
practically,  it  is  of  little  value,  for 
when  the  meatus  is  inflamed  it  is 
so  tender  that  t  lie  presence  of  such 
an  instrument  causes  considerable 
discomfort,  and  by  its  pressure 
aggravates  the  coadition  it  is  iiv 
tended  to  relieve.  Where  the 
canal  is  large,  however,  the  meth- 
od may  be  tried. 

The  instillation  of  fluid  prepa- 
rations to  relieve  the  pain  seems 
to  mc  to  be  a  measure  of  practi- 
cally no  value  whatever.  A  glance 
over  the  literature  on  the  subject 
afTords  sufficient  evidence  of  this. 
I  think,  on  account  of  the  large 
number  o(  remedies  which  have 
been   advocated.    Thus  wc  hnd 

recommended  solutions  of  morphine,  atropine,  subacetate 
o(  lead,  cocaine,  menthol,  oil  of  eucalyptus,  dilute  carbolic 
acid,  veratrinc,  and,  in  fact,  all  the  drugs  of  the  jiharma- 
copoiia  which  have  a  real  or  imagined  analgesic  local  action. 
It  must  be  remembered  that  the  absorption  of  any  remedy 
from  the  unbroken  skin  takes  place  very  slowly  and  produces, 
therefore,  when  applied  t()  the  cutis,  almost  no  effect  aside 
from  that  due  to  the  evaporation  of  the  liquid,  with  the  con- 
sequent production  of  a  certain  amount  of  cold.  The  small 
nmount  of  benefit  to  be  derived  from  such  applications  is 
more  than  counterbalanced,  in  my  opinion,  by  the  sodden 
condition  of  the  epidermis,  which  is  produced  by  the  reten- 
tion of  the  liquid  in  the  canal,  making  subsequent  instru- 
mental manipulations  much  more  difficult,  and  masking  to  a 
very  gre.it  degree  the  local  appearance  upon  speculum  ex- 
amination. 

No  remedies  should  be  employed  locally  unless  the  epi- 
derniis  has  already  been  exfoliated  over  a  considerable  sur- 
faces condition  with  which  wc  not  unlrcqticntly  meet  as  the 


Fir.  81.— The  I.cLler  coil. 
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result  of  a  previous  chronic  inflammation.  When  this  condi* 
tion  is  present,  any  of  the  befnre.mentioned  drugs,  either 
singly  or  in  combination,  may  be  beneficial.  They  arc  most 
conveniently  used  in  the  form  of  gelatin  bougies,  as  advocated 
by  Gruber*  under  the  name  of  amygdalc  aurium.  They  con- 
sist essentially  of  small  conical  supiiositorics  of  gelatin,  the 
drug  being  incorporated  in  their  substance;  the  heat  of  the 
canal  dissolves  the  gelatin,  and  the  drug  is  thus  brought 
directly  into  contact  with  the  walls  of  the  canal  and  even 
distributed  over  the  inflamed  surface.  Previous  to  their  in- 
sertion  the  canal  should  be  thoroughly  cleansed  with  a  mild 
antiseptic  solution,  after  which  the  suppository  is  inserted  and 
the  orifice  of  the  meatus  closed  by  a  small  pledget  of  cotton. 
This  method  is  certainly  preferable  to  the  use  of  oleaginous 
preparations,  and  may  to  an  extent  relieve  the  pain  if  the 
superficial  epidermis  has  desquamated.  Care  should  be  taken, 
when  any  of  the  stronger  alkaloids  are  used  in  the  external 
meatus,  to  determine  positively  that  no  perforation  of  the 
membrana  tympani  is  present,  since  when  this  condition  exists 
absorption  may  rapidly  take  place,  either  from  the  mucous 
membrane  of  the  middle  ear  or  by  passage  of  the  drug  into 
the  pharynx  and  subsequently  into  the  stomach — an  event 
which  would  be  followed  by  constitutional  effects.  If  mor- 
phine is  to  be  used,  it  should  be  in  the  form  of  the  alkaloid 
itself  and  not  in  the  form  of  one  of  the  salts,  since  the  simple 
alkaloid  is  more  readily  absorbed  cndermicatly  than  any  of 
its  combinations.  The  cocaine  car  bath  may  relieve  the  local 
pain  somewhat,  after  the  exfoliation  of  the  superficial  layer 
of  the  epidermis,  and  is  principally  indicated  where  the  sur* 
gcon  intends  to  incise  the  canal,  in  the  course  of  a  few  hours, 
as  the  slow  absorption  may  produce  a  certain  amount  of  local 
ana^thesia. 

While  cocaine  is  of  great  value  a!^  a  local  anaesthetic,  its 
local  analgesic  action  is  somewhat  limited,  and  for  this  pur- 
pose we  may  more  advantageously  employ  an  alcoholic  solu- 
tion of  menthol,  dilute  carbolic  acid,  creosote,  oil  of  cucalyp- 
tus,  thymol,  oil  of  cloves,  or  some  other  aromatic  oil.  Of 
these  remedies,  menthol  is  perhaps  the  most  efficacious  in 
relieving  the  pain,  which  frequently  is  not  confined  to  the 
ear,  but  may  manifest  itself  as  an  intense  neuralgia  of  the 


"  Lpchirbucl)  derOhrentidlkonile,  Vienna,  lS88,  p.  99a. 


fT— ! 


^T. 


231 


various  branches  of  the  fifth  nerve.     This  use  ol  menthol  was 
first  advised  bv  Chnlewa.* 

In  addition  lo  the  relief  of  pain,  its  action  as  a  germi- 
cide makes  it  particularly  valuable,  as  it  affords  a  means  of 
combating  the  local  infective  process  and  of  preventing  the 
formation  of  other  abscesses.  It  is  best  applied  by  inserting 
into  the  canal  a  long,  narrow  pledget  ol  cotton  previously 
saturated  with  a  ten-  to  twenty-per-cent  solution  of  the  drug 
in  albolene  or  olive  oil.  The  relief  obtained  is  often  consid- 
erable. The  only  objection  to  its  use  is  the  fatty  vehicle  with 
which  it  is  incorporated.  As  the  menthol  is  antiseptic,  this 
is  unimportant.  It  may  be  avoided  by  using  an  alcoholic 
solution  of  menthol  in  the  manner  above  described,  or  a  five- 
per.cent  solution  may  be  dropped  into  the  canal  at  intervals. 
If.  for  any  reason,  we  prefer  to  use  carbolic  acid  or  creosote, 
the  preparations  shouhi  ntu  contain  more  than  ten  percent  of 
the  drug.  Menthol  will  probably  prove  of  more  value  than 
any  of  the  other  drugs  mcniioned  above. 

When  a  patient  is  observed  at  a  stage  too  late  for  us  to 
hope  to  abort  the  attack,  the  local  abstraction  of  blood  and 
the  use  of  cold  applications  arc  worse  than  useless.  The 
application  of  heat,  however,  is  advantageous,  as  it  relieves, 
to  a  very  great  degree,  the  intense  suffering.  Moist  heat, 
however,  is  objectionable.  The  pernicious  practice,  so  com- 
mon, of  applying  a  poultice  to  the  ear,  or  of  putting  the  heart 
of  a  roasted  onion  in  the  canal,  the  outer  layers  lieing  applied 
to  the  outside  to  retain  the  heat,  can  not  be  too  strongly  con. 
deraned.  Such  procedures  favor  the  development  of  suc- 
cessive crops  of  furuncles  by  causing  a  maceration  of  the 

fCpidermis  lining  the  canal,  and  aid  subsequent  local  infection. 

f While  heat,  therefore,  is  one  of  our  most  valuable  agents,  it 
should  be  employed  as  dry  heat.  This  may  be  secured  by 
filling  an  ordinary  flat  bottle  with  hot  water,  wrapping  it  in 
several  layers  of  flannel,  and  resting  the  head  upon  it.  A 
more  elegant  form  of  application  is  the  small  Japanese  pocket 
stove  which  is  sold  in  the  shops,  which  when  once  lighted 
affords  us  a  means  of  applying  dry  heat  locally,  the  small  box 
being  wrapped  in  flannel  and  either  secured  to  the  side  of  the 
head  by  means  of  n  few  turns  of  a  bandage — its  light  weight 
rendering  this  practicable— or,  after  being  enveloped  in  scv- 
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eral  layers  of  cloth,  it  may  be  placed  upon  the  pillow  and  the 
patient  may  rest  the  car  upon  it.  The  common  hot<watcr 
bag,  found  in  every  household,  can  be  used  in  this  manner, 
but  its  employment  requires  that  the  patient  shall  be  contiou* 
ally  in  the  recumbent  jiosition,  and  this  is  sometimes  undesir- 
able. In  addition  to  these  measures,  if  \vc  wish  to  apply  heat 
more  directly  to  the  parts,  I  sometimes  direct  patients  to  cut 
off  the  finger-tips  of  an  old  kid  glove  and  fill  them  with  salt, 
the  open  extremity  being  closed  either  with  a  few  stitches  or 
by  a  few  turns  of  linen  thread.  These  small  salt  bags  may  be  ■ 
warmed  upon  a  common  tin  plate  on  a  stove,  ur  over  a  gas 
flame  or  oil  lamp,  after  which  they  may  be  inserted  into  the 
meatus.  The  salt  retains  its  heat  for  a  considerable  period, 
especially  if  the  external  parts  are  kept  warm  by  resting  the 
head  upon  a  hot-water  bag  or  similar  device. 

Bearing  in  mind  that  the  process  is  essentially  one  o(  local 
infection,  our  efforts  should  be  directed,  not  only  to  the  relief 
of  the  local  condition,  but  to  the  prevention  of  the  same  in- 
fective process  at  other  points  in  the  canal.  The  canal  should 
be  thoroughly  cleansed  with  a  warm  antiseptic  solution  by 
means  of  the  syringe,  using  either  carbolic  acid,  in  the  pro- 
portion of  one  to  sixty,  or  the  bichloride  of  mercury  solution, 
about  one  to  eight  thousand.  After  syringing,  which  must 
be  thoroughly  but  gently  done,  the  ear  is  to  be  carefully 
dried  with  small  pledgets  of  cotton  rolled  upon  the  cotton 
holder,  the  manipulation  being  conducted  under  ocular  in- 
spection by  means  of  reflected  light.  The  canal  should  next 
be  hllcd  with  an  alcoholic  solution  of  boric  acid  of  the 
strength  ol  twenty  grains  to  the  ounce.  As  the  sensibility  of 
the  canal  varies  considerably  in  diJTerenI  subjects,  the  instilla- 
tion of  alcohol  may  cause  pain,  and  it  is  well  to  test  the  sensi- 
tiveness of  the  parts  by  touching  the  walls  of  the  canal  with  a 
pledget  of  cotton  previously  moistened  in  the  solution.  If 
this  causes  pain  the  solution  may  be  diluted  with  water, 
the  quantity  of  water  being  rapidly  diminished  at  each  suc- 
cessive application  as  the  sensitiveness  of  the  parts  becomes 
less.  The  instillation  of  this  alcoholic  solution  should  be  re- 
peated at  least  four  times  during  the  twenty-four  hours,  and 
it  is  often  advantageous  to  repeat  it  still  more  frequently. 
The  syringing  of  the  canal  not  only  removes  any  discharge, 
together  with  exfoliated  epithelial  cells,  but  often  relieves  the 
pain  to  a  very  marked  degree.    Although  frequent  syringing 
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of  the  canal  I's  not  advocated  by  the  majority  of  writers,  it 
has  been  my  custom,  especially  in  disjiensary  practice,  to 
direct  the  patient  to  cleanse  the  ear  in  this  manner  several 
times  daily,  after  whicb  the  alcoholic  solution  may  be  instilled 
in  the  manner  already  described.  If  the  case  is  seen  twice 
daily  by  the  surgeon  the  patient  need  not  use  the  syringe  at 
home,  but  may  instill  the  boric-acid  solution  without  previous 
cleansing  of  the  canal.  It  is  seldom  necessary  for  the  surgeon 
to  sec  the  case  as  frequently  as  this,  however,  and  equally 
good  results  arc  obtained  if  the  canal  is  syringed  by  the  pa- 
tient twice  or  three  times  daily,  the  alcoholic  solution  being 
used  after  each  irrigation.  The  surgeon  shouEd,  if  possible, 
see  the  patient  daily  (ur  the  first  few  days. 

While  all  of  these  methods  possess  a  certain  amount  of 
value  the  measure  which  stands  prc-cminenl  in  the  treatment 
of  this  affection  is  lliat  of  early  incision.  To  this.  I  think,  wc 
should  always  resort  If  our  efforts  to  abort  the  attack  by  local 
bl«x>dlctting  arc  not  successful,  or  if  the  patient  is  seen  at  so 
laic  a  stage  as  to  preclude  the  possibility  of  it.  It  is  not 
advisable  to  wait  until  the  formation  of  pus  has  taken  place. 
or  even  until  local  tumcfaclion  is  so  extensive  as  to  be  easily 
recognized  by  ocular  inspection.  The  process  is  most  fre- 
quently deeply  situated  at  first,  and  becomes  superficial  only 
a  short  time  before  spontaneous  rupture  occurs.  Testing  the 
walls  of  the  canal  by  means  of  a  cotton-tijiped  probe  in  the 
manner  already  described  will  enable  the  surgeon  to  recog- 
nize the  affected  area  as  certainly  as  if  local  tumefaction  were 
present.  The  point  of  greatest  tenderness  should  be  incised 
deeply  and  freely  with  a  sharp,  short,  strong,  curved  bistoury. 
the  incision  being  carried  through  the  perichondrium  or  peri. 
ostcum,  as  the  case  may  be.  It  must  be  of  suf^cienl  length  to 
relieve  all  tension.  This  procedure  is  excessively  painful — in 
fact,  I  know  of  no  measure  employed  in  surgery  which  causes 
such  exquisite  suffering  as  the  early  incision  of  a  localized  in- 
flammatory area  in  the  canal,  but  the  relief  afforded  fully  jus- 
tifies the  surgeon  in  inflicting  this  momentary  pain.  The 
beneficial  results  obtained  depend  not  onlv  upon  the  relief  of 
tension,  but  also  upon  the  very  free  bleeding  which  follows, 
this  latter  result  being  also  beneficial  in  reducing  the  liability 
to  the  development  of  a  similar  condition  in  some  other  part 
of  the  canal.  General  anxsthcsia  is  sfUlom  required,  as  when 
a  properly  formed  instrument  is  used  it  is  only  necessary  to 
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Fig.  82. — Hard-rubbcr  car  syrinEe. 


make  the  initial  puncture  under  ocular  inspection,  the  sur- 
geon being  able  to  control  the  extent  and  direction  of  the 
incision  by  his  tactile  sense  quite  as  well  as  by  the  sense  ol 
sight.  The  operation  can  be  rendered  painless  by  the  ad- 
ministration of  nitrous  oxide,  and  as  this  ansesthetic  causes 
no  sub&equent  constitutional  disturbance,  it  may  be  used 
with  advantage.  I.,ocal  anaesthesia  is  of  no  value  in  these 
cases. 

After  the  focus  of  inBammation  has  been  incised  the 
rules  already  given  concerning  cleansing  of  the  parta  should 
be  carried  out,  with  the  exception  that  any  alcoholic  solution 
applied  to  the  canal  must  be  considerably  reduced  in  strength, 
as  otherwise  severe  pain  would  be  produced  by  its  instilla- 
tion. The  cleansing  may  be  eSected  either  by  the  ordinary 
ear  syringe  {Fig.  82),  the  small  soft- rubber- ball  syringe,  or,  if 
considerable  pain  persists,  continuous  irrigation  of  the  canal 

may  be  employed.  This 
may  be  carried  out  by 
using  the  ordinary  foiin- 
tain  syringe.  A  warm 
antiseptic  solution,  either 
o(  bichloride  of  mercury,  one  to  eight  thousand,  or  of  boric 
acid,  in  the  proportion  of  twenty  grains  to  the  ounce,  may  be 
allowed  to  flow  over  the  parts  continuously  for  a  period  of 
ten  to  twenty  minutes.  If  this  is  done  immediately  alter  inci- 
,sion,  the  attendant  pain  quickly  disappears,  while  the  warmth 
of  the  application  (avors  free  hsemorrhage  from  the  wound. 
This  local  depletion  both  relieves  the  pain  and  renders  the 
reparative  process  more  rapid.  After  free  incision  the  relief 
is  usually  immediate,  and  in  the  course  of  twenty-four  hours 
the  parts  assume  more  nearly  their  normal  contour.  The 
discharge,  however,  continues  for  a  few  days,  during  which 
time  the  infection  of  adjacent  areas  is  very  liable  to  take  place 
unless  attention  is  paid  to  the  systematic  cleansing  of  the 
parts,  as  above  advised.  Ordinarily  the  abscess  cavity  be- 
comes completely  obliterated  and  the  canal  wall  resumes  a 
perfectly  smooth  and  normal  outline;  ctceptionally,  where 
the  process  has  been  very  deep  seated  and  a  considerable  area 
has  been  involved,  exuberant  granulations  spring  up  about 
the  margins  of  the  opening.  If  very  large,  these  may  be  re- 
moved by  means  of  the  cold  snare  or  sharp  curette.  Usually, 
however,  they  are  so  small  as  to  require  simple  cauterizaiion 
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by  a  chemical  agent.  We  may  employ  for  this  purpose  either 
chromic  acid  or  nitrate  of  silver,  the  former  to  be  applied  in 
substance,  a  minute  bit  of  the  acid  being  fused  upon  the  tip 
of  a  metal  probe  and  applied  lightly  to  the  efflorescent  tissue, 
after  this  has  been  prcvinusly  dried  by  a  pledg-fl  of  cotton ; 
any  excess  of  acid  must  be  immediately  wiped  away  by  means 
of  a  cotton-tipped  probe,  as  otherwise  Ihc  agent  quicltly 
spreads  over  the  walls  of  the  canal,  and  severe  diffuse  inflam- 
mation  may  result.  The  nitrate  of  silver  may  be  used  in  the 
same  manner,  or  may  be  applied  as  an  aqueous  solution  of 
from  two  hundred  and  forty  to  four  hundred  and  eighty 
grains  to  the  ounce.  I  prefer  the  chromic  acid,  as  in  my 
hands,  at  least,  it  has  never  caused  any  reaction,  while  oc- 
casionally the  silver  preparations  excite  a  severe  secondary 
inflammation  of  the  walls  of  the  canal.  If  the  destructive 
process  has  involved  not  only  the  integument,  but  also  the 
underlying  cartilaginous  or  bony  structures,  rather  extensive 
necrosis  may  take  place,  retarding  the  healing  process  to  a 
marked  degree.  In  such  an  event  it  is  well  thoroughly  to 
curette  the  cavity,  removing  all  diseased  tissue  by  means  of 
the  sharp  spoon,  after  which  rapid  heating  ensues. 

In  addition  to  the  local  measures  here  advocated,  the  con* 
dition  of  the  general  health  should  always  be  borne  in  mind 
as  furnishing  a  prominent  predisposing  cause  of  local  disease. 
Especial  attention  should  be  paid  to  the  gastro-intestinal  canal; 
constipation,  if  present,  should  be  relievecT,  or  disorders  of  the 
digestion  corrected  by  the  administration  of  alkalies  or  acids, 
as  seem  indicated.  One  of  the  most  common  causes  under- 
lying this  affection  is  simple  anarmia.  This  is  best  combated 
by  the  use  of  some  of  the  ferruginous  preparations.  Prob- 
ably no  specific  exists  upon  which  we  can  depend  to  pro. 
duce  any  marked  cfTect  upon  the  progress  of  the  local  in- 
flaininatiori.  Sulphide  of  calcium,  so  much  used  in  general 
lurunculosis.  has  been  frequently  advocated,  and  for  a  con- 
siderable i>eriod  I  administered  it  regularly  in  every  case,  but 
was  unable  to  perceive  any  beneficial  results  from  its  action. 
If  its  use  seems  indicated  in  any  instance,  it  is  best  given  in 
the  form  ol  a  pill  containing  one  sixth  of  a  grain  of  the  drug. 
One  pill  is  to  be  taken  every  hour  for  six  doses,  after  which 
the  interval  may  be  reduced  K)  every  two  hours.  After  this 
medication  has  been  continued  for  twenty-four  or  thirty-six 
hours  the  doses  may  be  repeated  less  frequently,  say  at  inter- 
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vals  of  every  four  or  six  hours.  It  will  generally  be  found, 
however,  to  exert  very  little  action  upon  the  disease.  The 
internal  administration  of  drugs  intended  to  relieve  the  itt> 
tense  suffering  ul  the  patient  is  always  advisable  in  the  very 
early  stages.  There  can  be  no  question  that  the  relief  of  pain 
for  a  period  of  six  or  eight  hours,  when  the  process  is  in  its 
incipicncy,  does  exert  a  certain  permanent  beneficial  action, 
the  tendency  being  to  increase  the  resisting  power  of  the  pa- 
tient. By  relieving  the  pain  or  rendering  it  more  bearable, 
our  efiorts  toward  aborting  the  attack  will  be  more  successful. 
It  is  In  be  borne  in  mind  also  that  the  pain  will  continue  for 
only  a  comparatively  short  period  of  time;  hence,  the  admin- 
istration ql  opiates  is  not  open  to  the  objection  that  the  pa. 
tient  is  liable  lo  acquire  the  opium  habit.  In  the  later  stages 
of  the  affection  analgesics  are  contraindicated,  as  they  may 
mask  mastoid  involvement. 

Chronic  Circumscribed  External  Otitis. 

But  few  words  need  be  said  in  consideration  of  a  circum* 
scribed  local  inHanitnation  of  long  duration.  It  is  usually 
symptomatic  of  some  aflection  of  the  deeper-seated  struc- 
tures, either  cartilaginous  or  bony.  In  the  former  instance 
it  results  from  a  very  severe  form  of  the  disease  just  described, 
while  in  the  latter  case  it  is  usually  indicative  of  some  patho- 
logical process  within  the  mastoid  cells,  and  is  situated  in  the 
bony  canal.  The  condition  which  clinically  may  be  considered 
as  belonging  to  this  group,  although  from  a  pathological 
point  of  view  it  should  be  placed  elsewhere,  is  that  met  with 
when  suppuration  takes  place  in  the  sebaceous  cyst  located 
in  the  meatus,  These  neoplasms  usually  occur  on  the  an- 
terior or  inferior  walls  of  the  canal,  near  the  orifice,  and  cither 
discharge  sp«>ntancously,  or,  if  thcircontcnts  have  been  evacu- 
ated by  surgical  means,  persist  for  a  long  period,  the  lining 
membrane  being  of  such  a  nature  that  adhesive  inflammation 
with  resultant  obliteration  of  the  sac  is  impossible.  The 
cavity  refills  slowly  after  each  evacuation  of  its  contents,  and 
the  symptoms  of  obstruction  of  the  meatus  due  to  the  pres- 
ence of  the  tumor,  together  with  intermittent  di.schar^e  at 
somewhat  irregular  intervals,  are  repeated  for  an  indefinite 
period.  Under  these  circumstances  simple  incision  docs  no 
good,  and  will  afford  but  temporary  relief.  The  lining  mem. 
brane  of  the  sac  must  cither  be  dissected  out  entire,  or,  if  this 
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is  impossible  on  account  of  the  location  of  the  tumor,  it  must 
be  completely  destroyed  by  the  curette,  after  which  recovery 
is  prompt. 

We  shall  consider  circumscribed  inflammation  of  the  bony 
meatus  dependent  upon  mastoid  inflammation  in  the  section 
devoted  to  mastoid  disease. 
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DIFFUSE  EXTERNAL  OTITIS. 

This  affection  may  occur  in  cither  acute  or  chronic  form, 
and,  as  its  name  implies,  constitutes  an  inflammation  of  the  ex- 
ternal auditory  meatus,  in  which  the  local  condition,  instead  of 
being*  contined  to  a  small  area,  involves  either  the  entire  canal 
or  a  very  large  portion  o(  it,  the  line  of  demarcation  between 
the  normal  and  affected  areas  not  being  clearly  marked,  but 
merging  gradually  into  each  other.  Since  the  acute  foriii  of 
the  disease  is  frecjuently  dependent  for  its  cause  upon  a  pre- 
viously existing  chronic  inflammatory  process,  we  will  con. 
sidcr,  first,  the  chronic,  and  afterward  the  acute  aflection. 

Chronic  Diffuse  External  OTms. 

This  general  term  applies  to  the  superficial  extent  of  the 
lesion  rather  than  to  its  severity,  and  comprises  every  degree 
of  chronic  inflammatory  condition  of  a  diffuse  character,  from 
those  cases  in  which  only  the  superficial  layer  of  the  epider- 
mis is  involved  to  instances  where  not  only  the  cutaneous 
lining  is  affected  through  its  entire  depth,  but  the  cartib^i- 
nous  and  bony  framework  as  well. 

Etiology. — This  disease  is  less  dependent  upon  constitu- 
tional conditions  than  is  the  circumscribed  form  of  inflam- 
malion.  Traumatism  plays  a  very  prominent  part  in  its  pro. 
duction.  The  impression  so  common  among  many  that  the 
external  auditory  meatus  must  be  subjected  to  thorough 
cleansing  by  means  of  the  corner  of  the  towel  wound  up  so 
as  to  permit  its  entrance  into  the  lumen  of  the  canal,  or  by  the 
introduction  of  various  ear  sponges,  ear  spoons,  etc..  furnishes 
one  of  the  most  fruitful  sources  of  mild  but  persistent  inffam- 
maiory  conditions  of  diffuse  character.  Wounds  of  the  canal 
walls,  either  inflicted  by  mechanical  violence  or  resulting  from 
the  bites  of  insects  which  find  their  way  into  the  meatus,  arc 
also  among  the  most  frequent  causes  of  the  disease.     The  ap. 
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plication  of  oleaginous  substances  to  the  walls  of  the  canal, 
(or  the  relief  of  pain  in  the  car,  or  sometimes  for  toothache, 
is  practiced  not  uncommonly  among  the  laity,  and  (urnishcs  a 
source  of  irritation  to  the  lining  of  ihe  canal.  Foreign  bodies, 
introduced  by  mistake  or  design,  by  their  presence  alone  fre- 
quently cause  a  condition  of  diffuse  inflammation.  The  most 
common  cause  of  the  condition  is  some  affection  of  the  mid- 
dle car  attended  by  a  purulent  discharge.  When  the  walls  of 
the  canal  arc  continually  bathed  with  such  a  secretion,  they 
soon  lose  the  superficial  layer  of  epithelium  through  the  com- 
bined action  of  warmth  and  moi^^ture.  Thus  a  denuded  sur- 
face is  left,  through  which  infection  may  take  place.  This  is 
more  commonly  met  with  among  that  class  of  individuals  who 
pay  little  attention  to  habits  of  cleanliness,  and  hence  make  no 
effort  to  keep  the  passage  free  from  secretion  by  frequent  irri- 
gution.  Among  the  more  uncommon  causes  is  the  develop- 
ment  of  vegetable  parasites  within  the  canal.  These  minute 
organi.<ims  attach  themselves  firmly  to  the  walls  of  the  mea- 
tus, and  grow  ftir  an  indefinite  period.  As  their  growth  con- 
tinues they  become  firmly  imbedded  in  the  deeper  layers  of 
the  intcgumcni,  and  their  removal  results  In  the  loss  of  the  su- 
pcrficial  epithelium  and  an  exposure  of  the  underlying  cells. 
It  is  probable  that  the  condition  never  engrafts  itself  upon  a 
perfectly  healthy  integument —that  is,  one  in  which  the  horny 
layer  of  the  skin  is  unbroken  throughout  the  entire  extent 
of  the  canal.  If.  however,  the  integument  at  any  place  is 
abraded,  the  moist  surface  forms  an  excellent  soil  for  the  de- 
velopment of  a  parasite.  Having  once  taken  root,  the  fungus 
may  increase  indefinitely  by  subsequent  growth.  The  con- 
tinued presence  of  fungi  produces  an  effect  sirailar  to  that  of 
a  foreign  body^that  is,  it  causes  an  inflammation  of  the  lining 
of  the  canal. 

Constitutional  causes,  we  have  said,  are  not  important  lac- 
tors  in  the  production  of  this  disease ;  we  make  one  excep- 
tion, however,  in  the  case  of  eczema  of  the  canal,  which,  like 
eczema  in  other  parts  of  the  body,  is  an  evidence  of  some  dia- 
thetic condition. 

Pathology.— An  affection  dependent  upon  such  a  variety 
of  causes  must  necessarily  present  physical  characteristics 
differing  greatly.  Under  the  milder  types  we  wouU!  include 
those  cases  ol  augmented  glandular  activity  resulting  in  an 
increase  in  amount  of  the  secretion  from  the  sebaceous  follicles 
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with  which  the  skin  is  supplied.  When  the  innammntian  in- 
volves tlic  intcr-glandular  tissue,  as  in  eczema  o(  the  canal, 
there  is  a  certain  amount  oC  infiltration  of  the  deeper  layers  ol 
the  culi$,  Ciitisini^  the  superfieial  cpilhetium  to  be  cast  ofl  more 
rapidly  than  under  normal  conditions.  According  to  the  de- 
g;ree  o(  the  iiihltratimi  of  the  integument,  a  greater  or  less 
amount  of  serum  exudes,  which,  washing  away  the  desqua- 
mated cells  u'lien  the  transudation  is  profuse,  leaves  a  red, 
smooth,  glistening  surface ;  or  when  less  fluid  is  poured  out  it 
dries  upon  the  walls  of  the  meatus,  forming  with  the  desqua- 
mated epithelial  cells  yellowish  crusts,  which  adhere  to  the 
catial  walls  and  partially  f>r  completely  occlude  the  passage. 
H  the  process  is  allowed  to  progress,  actual  hypertrophic 
changes  take  place  in  the  basement  membrane  and  the  meatus 
is  gradually  convened  into  a  tube  of  very  small  calibre,  the 
opposing  walls  lying  nearly  in  contact.  An  inflammation  of 
the  external  canal  occurring  in  the  bony  portion,  where  the 
cutaneous  lining  is  very  thin,  and  where  it  constitutes  the  peri- 
osteum, may  extend  to  the  osseous  tissues  and  pnxiuce  the 
symptoms  which  characterize  an  inflammation  o(  the  mastoid 
process,  or,  where  the  Riviniaii  segment  is  imperfectly  closed, 
it  may  pass  by  continuity  <il  structure  into  the  tympanum  and 
excite  an  intlamnialion  within  this  cavity. 

When  the  inflammation  ol  the  canal  i^  due  to  the  presence 
of  a  foreign  body,  or  follows  a  wound  of  the  canal,  a  circum- 
scribed acute  inflammation,  or  the  development  within  the 
meatus  of  n  vegetable  parasite,  the  changes  which  take  place 
vary  in  intensity,  but  are  of  the  same  character  as  those  iibovc 
described.  The  superficial  epitlielium  is  thrown  off  rapidlv, 
the  deeper  layers  of  the  cutis  are  infiltrated  with  round  cells 
and  become  thickened,  and  tissue  hypertrophy  finally  results- 
In  the  more  severe  cases  tissue  necrosis  may  lake  place  or  bjr 
extension  the  underlying  bone  may  become  involved. 

In  some  casts  wc  find  the  activity  ol  the  inflammatory 
process  directed  especially  toward  a  rapid  proliferation  of  the 
superficial  epithelial  layer  of  the  integument.  The  flat  pave- 
ment cells  are  thrown  off  rripidly,  and,  aggregating  in  the  mea- 
tus, form  a  compact  mass,  which  completely  fills  the  deeper 
portion  ol  the  canal.  From  I  he  increase  in  the  blood  supply 
incident  upon  inflammation  a  small  amount  of  serum  is  tran- 
suded;  the  fluid  moistens  the  compact  epithelial  mass  aod 
causes  it  to  increase  in  volume.     In  this  way  great  pressure 
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is  exerted  upon  the  surrounding  bony  walls,  which  may  be 
absorbed  or  become  necrotic,  or  ihe  [iressure  may  be  so  grad- 
ual as  to  interfere  but  little  with  the  nutrition  of  the  parts, 
and  rcsuU  in  a  dilatation  of  the  deeper  portion  of  the  meatus 
by  crowding  backward  that  part  of  the  wall  wliich  separates 
the  canal  from  the  mastoid  cells,  so  as  to  obliterate  the  pneu- 
matic spaces  of  this  portion  of  the  temporal  bore. 

In  the  above  consideration  we  have  followed  (he  extension 
of  the  process  from  the  canal  inward  toward  the  deeper  por- 
tions of  the  conducting  channel.  But  a  diffuse  external  otitis 
may  be  of  a  consecutive  nature;  thai  is,  the  deeper  parts  may 
be  involved  first,  and  by  extension  produce  an  inflammation 
of  the  walls  of  the  meatus.  This  is  particularly  true  where 
the  deep  osseous  canal  is  the  site  affected.  The  ii|iper  and  pos- 
terior portions  of  the  canal  at  this  point  (nrni  ihc  inlcrior  or 
anterior  walls  of  the  mastoid  process;  hence,  an  inflammation 
involving  the  mastoid  antrum  and  the  smaller  pneumatic 
spaces  frequently  produces  an  iiiflainmation  <if  the  canal  in 
IhLs  region  diffuse  in  character,  the  process  bcing^  as  much  a 
mastoid  periostitis  as  if  the  outer  wall  of  the  mastoid,  lying 
immediately  behind  the  ear, 
were  the  part  affected. 

While  it  lies  beyond  the 
province  o(  this  work  to  give 
any  detailed  account  of  the 
microscopic  appearances  of 
the  various  forms  of  vegeta- 
ble parasites  found  in  the 
meatus,  certain  characteris* 
ties  which  arc  common  to 
all  of  these  should  be  under- 
stood, in  order  that  a  diag- 
n<)sis  may  be  made  between 
the  purely  epithelial  or  des- 
quamative type  of  inflamma- 
tion and  that  form  dependent 
upon  the  presence  of  fungi. 
These  fungi  present  imder 
the  microscope  long  fibres  or  hyphse  of  a  double  contour, 
cither  completely  transparent  or  slightly  granular.  These 
tlb^c^  divide  into  branches  dichotomously  (Fig-  K3).  which 
terminate  in  a  globular  head  or  fruit-sac  (sporangium)  (Fig.  84) 
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Fig.  8j, — Hei-plLTCimenlof  afungus.    G.  G. 
Spomngia  :  //,  ilypkic.    (Gmber.) 


Fig.  84. — MicrOKopical  charMrlcrittici  of  otomyco^ 
G,  G,  Spuiaiicia  ;  //.  Hjrpha.-.     ((Jnibcr.) 

develop  sporangia,  and  the  process  repeats  itself  indcfinitelj. 
The  recognition,  then,  of  the  mycelial  tilaiiieiU-S  or  of  the 
fruit-heads  containing  the  spures  eslabhshcs  the  diagnOT^is  of 
parasitic  inflammation. 

Symptomatology. — The  syniptoma  differ  in  severity  in  ac- 
cordance with  the  degree  of  intensity  of  the  local  process.  In 
mild  cases  a  sense  of  constant  irritation  or  itching  in  the  canal 
is  the  most  prominent  symptom,  the  patient  continually  at- 
tempting to  relieve  this  by  the  insertion  of  the  lip  of  the  little 
finger  as  far  into  the  meatus  as  possible  ;  this,  naturally,  only 
tends  to  aggravate  the  contlitiim  it  is  intended  to  relieve. 
When,  cither  from  increased  glandular  activity,  as  in  scbor- 
rhoea.or  from  actual  inflammation,  as  in  eczema  or  otomycosis.  ■ 
the  canal  becomes  to  an  extent  occluded,  either  by  the  scale- 
like sebaceous  crusts,  or  by  aggregations  of  epithelium  re- 
sulting from  eczema,  or  by  masses  of  vegetable  fungi,  certain 
symptoms  dependent  upon  this  occlusion  manifest  themselves. 
These  may  consist  in  an  impairment  of  the  hearing,  varying 
in  degree  according  to  the  extent  of  obstruction,  or  there  may 
be  tinnitus  caused  by  the  congestion  which  the  presence  of  the 
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foreign'substance  induces,  or  certain  reflex  symptoms  may 
manifest  themselves,  such  as  .severe  pain  spreading  over  the 
distribution  of  the  fifth  nerve,  headache,  either  general  or 
local,  and.  rarely,  disturbances  of  a  graver  nature,  dispropor- 
tionate in  severity  to  the  local  condition.  Thus,  instances  of 
epileptiform  attacks  have  been  traced  to  inflammatory  condi- 
tions within  the  canal,  while  symptoms  referable  to  the  oppo- 
site ear  may  also  be  produced  by  a  chronic  inflammation  of 
the  externa!  auditory  meatus  of  one  side.  A  symptom  fre- 
quently complained  of  is  that  of  autophony,  the  patient's  own 
voice  seeming  to  come  from  the  affected  side.  This  occurs 
only  when  the  lumen  of  the  canal  is  considerably  narrowed. 

Cough  is  a  not  infrequent  symptom  of  the  affection,  and 
may.  En  fact,  be  the  first  to  attract  the  attention  of  the  patient 
and  cause  him  to  seek  advice.  In  all  cases  of  cough,  even  al- 
though apparently  explainable  upon  other  causes,  it  is  always 
well  to  examine  the  external  auditory  meatus,  as  an  accumu- 
bition  of  any  foreign  material,  resulting  cither  from  desquama- 
tion of  the  epithelial  lining  of  the  canal  or  from  the  aggrega- 
tion of  a  mass  of  aspergillus,  may  cause  a  reflex  cough.  As 
the  affection  increases  in  severity  a  discharge  may  make  its 
appearance  at  the  orifice  of  the  meatus.  This  discharge  is 
ordinarily  scanty,  and,  in  fact,  may  be  so  small  in  amount  as  to 
appear  in  the  form  of  crusts  about  the  margin  of  the  meatus, 
the  fluid  elements  having  been  evaporated.  When  more  pro- 
fuse  the  discharge  is  watery  in  character,  but  is  never  large 
in  amount.  In  the  milder  cases,  due  to  an  inflammation  of  the 
glandular  structures  alone,  the  discharge  appears  in  the  form 
of  minute  scales,  which  arc  oily  to  the  touch,  on  account  of  the 
(atty  matters  which  they  contain.  Occasionally,  in  cases  o( 
very  long  duration,  the  inflammation,  instead  of  producing  a 
fluid  discharge,  causes  a  proliferation  of  the  epithelial  lining 
of  the  meatus.  The  superficial  epithelial  cells  are  rapidly  cast 
off,  and.  aggregating  into  masses,  remain  in  the  canal  for  a  long 
period.  These  masses  o(  desquamated  epithelium  absorb  the 
watery  secretion  which  the  thickened  cutaneous  lining  of  the 
canal  exudes,  and  as  the  process  continues  increase  steadily  in 
wzc.  From  the  fact  of  their  slow  increase  in  volume  these 
epithelial  plugs  exert  a  great  amount  of  pressure  upon  the 
walls  of  the  canal,  leading,  in  some  cases,  to  a  dilatation  of  the 
bcmy  canal,  cither  by  causing  an  absorption  of  the  osseous  tis- 
sue or  by  crowding  the  thin  bony  wall  upward  and  outward 
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toward  the  mastoid  cells,  which  become  correspondingly  di- 
miiiished  in  size.  At  the  same  time  the  osseous  tissue  under- 
goes certain  structural  changes  as  the  result  of  this  mechanicill 
irritation,  so  that,  instead  of  presenting  the  ordinary  cancellous 
appearance,  it  becomes  converted  into  a  hard,  ivory-like  sub- 
stance of  uniform  density.  This  change  may  extend  through- 
nut  the  entire  mastoid,  all  the  airspaces  being  obliterated  with 
the  exception  of  the  antrum,  or,  ii  the  jiressure  is  still  greater, 
the  bony  walls  of  the  canal  may  be  absorbed  entirely,  and  the 
upper  part  of  the  tympanic  cavity  and  the  mastoid  cells  may 
thus  be  continuous  with  the  external  auditory  meatus.  , 

Glandular  enlargement  is  not  uncommon  as  the  result  of 
chronic  Inflammation  of  the  external  meatus,  and  when  the 
glands  just  below  the  lobule  are  affected  a  mistake  in  diagno- 
sis is  possible,  the  case  presenting  many  of  the  characteristics 
of  a  perforation  through  the  tip  of  the  mastoid  process. 

We  have  spoken  of  dilatation  of  the  bony  canal  as  the  re- 
suit  of  a  desquamative  inflammation  with  the  consequent  ab- 
sorption or  displacement  of  the  bony  walls.  The  opposite 
effect  may  be  produced,  however,  if,  instead  of  causing  a  des« 
quamation  of  the  superficial  epithelium,  the  deeper  layers  ol- 
the  integument  arc  the  seat  of  inflammation;  in  these  caaea- 
the  lumen  of  the  canal  may  become  very  narrow — in  fact.it 
may  be  so  diminished  in  size  as  to  admit  only  the  smallest 
probe,  'I'his  diminution  in  calibre  is  due  to  an  actual  hyper- 
trophic osteitis  rather  than  to  any  thickening  in  the  soft  parts^ 
This  change  frequently  takes  place  in  the  cases  of  diffuse  ex- 
ternal otitis  which  accompany  a  chronic  suppurative  process 
within  the  middle  ear.  Instead  of  narrowing  the  calibre  of 
the  canal  uniformly,  certain  limited  areas  within  the  canal 
may  be  affected,  producing  what  is  known  as  an  exostosis  or 
a  circumscribed  bony  growth,  which  projects  to  a  greater 
or  less  extent  into  the  passage.  These  growths  arc  most  fre- 
quently situated  near  the  drum  membrane,  and.  according  lo: 
their  size,  interfere  with  the  function  of  audition. 

Diagnosis.— The  diagnosis  of  chronic  diffuse  external  otitis 
will  be  determined  both  by  external  manipulation  and  by  ex- 
amination by  means  of  the  speculum.  Wc  have  to  distinguish 
by  palpation  between  an  affection  confined  to  the  canal  and 
one  involving  the  mastoid  process,  as  the  superior  and  a  por- 
lion  of  the  posterior  walls  of  the  meatus  form  the  anterior  and 
inferior  wall  of  the  mastoid  process-     It  would  seem  that  this' 
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differentiation  is  rather  superfluous,  but  the  author  intends 
.here  to  separate  those  cases  in  which  the  affection  of  the  canal 
'is  the  prominent  leaturc,  the  mastoid  being  involved  to  so 
slight  an  extent  as  to  give  rise  to  no  symptoms  and  to  require 
the  cmptoyment  o(  no  special  measures,  from  those  cases  in 
which  the  affection  of  the  canal  is  merely  symptomatic  of  a 
deep-seated  inflammation  within  the  mastoid,  in  which  treat- 
ment must  be  directed  to  the  mastoid  inflammation  as  the  pri- 
mary disease.  When  the  affection  is  confined  to  the  canal, 
pressure  behind  the  ear,  directed  backward  and  inward,  will 
fait  to  elicit  tenderness:  if  Ihc  pressure  is  exerted  in  such  a 
way  as  to  move  the  ftbro-cartilaginous  meatus,  very  marked 
tenderness  will  be  elicited.  In  Ihc  same  way  pressure  from 
below,  above,  or  in  front  of  the  canal  will  cause  more  pain 
than  if  made  directly  over  the  mastoid  process.  The  appear- 
ance presented  upon  inspection  by  rcilected  lig"hl  will  vary 
according  to  the  cause  and  character  of  the  affection,  as  we!l 
as  with  its  intensity.  In  the  milder  cases,  under  which  we  in- 
clude scborrhoea,  eczema,  and  a  chronic  otitis  externa  diffusa 
caused  by  an  aspergillus.  inspection  will  show  that  the  walls 
of  the  canal  arc  covered  cither  partially  or  completely  with 
some  foreign  substance.  In  seborrhoea  this  will  be  confined 
almost  entirely  to  the  cartilaginous  meatu:^.  and  the  deposit 
will  appear  to  be  made  up  of  small,  thin,  yellowish  crusts 
which  are  easily  detached  and  npon  compression  between 
the  tinger  and  thumb  have  an  oily  feel.  The  surface  from 
which  these  small  scales  are  detached  is  somewhat  reddened, 
but  not  moist.  In  eczema  the  crusts  are  larger,  adhere  more 
closely  to  the  wails  of  the  meatus,  and  are  evidently  made  up 
of  desquamated  cells  which  have  been  moistened  with  serum 
and  have  become  agglutinated  into  a  mass.  This  collection 
of  cast'Ofl  cells  has  subsequently  dried  into  thick,  irregular, 
yellowish-brown  crusts.  Here  the  affection  extends  from  just 
within  the  oriRcc  of  the  meatus  to  the  drum  membrane  itself: 
the  crusts  arc  detached  with  some  dillicully,  their  former  lo- 
cation presenting  as  a  red.  moist  area,  which,  upon  being  <iried 
with  a  cotton  pledget,  quickly  becomes  coated  with  a  thin 
serous  transudate.  Inspection  and  tactile  manipulation  by 
means  of  the  probe  demonstrate  an  evident  thickening  of  the 
deeper  layers  of  the  cutis  of  the  canal. 

In  the  milder  forms  of  aspergillus  the  canal  walls  are  cov- 
ered^ sometimes  throughout  their  entire  extent,  at  other  times 
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only  here  and  there,  by  a  whitish  or  ycllowish-whitc  deposit, 
which  seems  lo  be  closely  adherent  to  the  underlving  struc- 
tures (Fig-  Us)-  T^*'  entire  luroen  of  the  canal  may  appear 
somewhat  narrow.  Upon  using  the  cotton  holder  to  wipe 
out  the  meatus,  in  order  that  inspection  may  be  more  exact, 
the  parts  may  be  (ound  to  be  moist,  the  instrument  removing 
from  the  walls  of  the  canal,  in  addition  to  the  moisture  which 
it  has  absorbed,  thin,  moist  flakes  or  scales,  usually  of  a  whit- 
ish color,  the  surface  from 
which  they  were  removed 
appearing  denuded.  Upon 
attempting  thoroughly  to 
clear  the  canal  it  will  often 
be  found  possible  to  de- 
Uch  relatively  large  thin 
sheets  of  this  deposit,  of  a 
white  or  a  dirty  yellowish- 
brown  color,  having  the 
consistency  of  moistened 
paper.  In  this  way  a  com- 
plete cast  of  Ihe  canal  from 
the  very  orifice  of  the  mea- 
tus may  he  obtained.  If  the 
process  has  spread  to  the 
drum  membrane  the  cast 
will  form  a  blind  sac,  the 
closed  extremity  bearing  the  imprint  of  the  various  landmarks 
of  the  membrana  tympani.  This  deposit  is  due  to  the  growth 
of  low  vegetable  organisms  upon  the  walls  of  the  meatus.  The 
special  species  of  plant  life  can  only  be  determined  by  micro. 
scopic  investigation  ;  the  varieties  met  with  are  extremely 
numerous,  but  as  the  treatment  of  the  different  forms  docs 
not  vary  essentially  it  is  unimportant  to  discuss  the  condition 
at  length  in  a  treatise  devoted  particularly  to  clinical  otology. 
Certain  macroscopic  features,  however,  enable  us  to  make  a 
reasonably  accurate  diagnosis  as  to  the  particular  variety  of 
plant  present  in  a  given  ease.  A  white  deposit  usually  con- 
sists of  the  aspergillus  glaucus.  Another  variety  is  the  asper- 
gitlus  flavus,  the  microscopic  features  of  which  are  shown  in 
Fig.  86,  while  more  rarely  we  find  the  walls  of  the  canal  and 
the  surfaces  of  the  membrane  covered  %vith  irregular  black 
spots,  a  little  smaller  than  the  head  of  a  pin,  which  arc  the 


Pia.  85. — Olumycosu.  Tlie  icanal  U  lined 
with  a  thin  de]>(»it  which  covcis  ibe 
wntU  «nd  the  nirfac«  of  the  membrana 
lymp'ani.  The  functate  nrcns  on  the 
■nemhnna  arr  cniii>ed  by  the  increased 
crowth  o(  ihe  fungus  in  ificsc  siluatioDS. 
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sporangia  of  ihc  aspcrgillus  nigcr.  The  growth  of  this  latter 
is  seldom  as  extensive  as  that  of  the  other  two  varieties.  A 
microscopic  examination  alone  will  enable  us  to  distinguish 
with  certainty  between  otomycosis  and  the  milder  forms  oi 
desquamative  inflammation  involving  the  canal.  The  greater 
consistency  of  the  epithelial  plug  and  the  imbricated  arrange- 
ment of  the  scales  usually  give  the  observer  a  hint  as  to  the 
nature  of  the  condition  present.  It  is  probable  that  in  no 
case  do  these  low  forms  of 
vegetable  life  take  root  upon  a 
perfectly  healthy  cutaneous  sur- 
face ;  it  is  necessary  that  the 
epithelium  should  be  wanting 
over  a  small  area  at  least,  in 
order  that  the  plant  may  de- 
velop. Hence  it  is,  that  para- 
sitic inflammation  of  Ihc  irea- 
tus  is  usually  coexistent  with 
some  condition  of  the  external 
canal  or  of  the  middle  ear  char- 
acterized by  the  presence  o( 
molsiure.  The  cpilhclium  of 
the  canal  is  thus  softened  and 
thrown  off,  leaving  a  surface 
which  forms  an  excellent  site 
for  the  development  of  a  low  form  of  plant  life,  (he  growth 
being  stimulated  at  the  same  time  by  the  presence  of  moisture. 
The  mere  presence  of  aspergillus  spores  in  any  aggregation 
of  foreign  matter  which  may  be  removed  from  the  meatus  docs 
not  warrant  a  diagnosis  of  parasitic  inflammation  of  the  canal, 
since  it  is  usual  to  find  them  in  ceruminous  masses,  or  upon 
any  foreign  body  which  has  remained  in  the  canal  (or  a  con- 
siderable length  of  lime.  It  is  only  when  they  constitute  the 
bullc  of  the  mass  that  this  constitutes  a  lesion  prnper. 

The  diagnosis  of  the  desquamative  form  of  infl:imm3lion 
will  be  based  upon  the  presence  in  the  deep  meatus,  of  a  com- 
pact mass,  whitish  in  color,  which,  although  easily  penetrated 
by  ibe  probe  or  curette,  is  removed  with  cunsiderablc  dilE. 
Cully.  The  walls  of  Ihc  canal  arc  ordinarily  moist  and  pre- 
sent a  sodden  appearance,  the  superficial  epithelium  being 
easily  wiped  off  by  means  of  the  cotton  plcdgcl,  which,  upon 
investigation,  is  found  to  be  covered  with  thin  white  flakes  of 
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irregular  size  and  shape.  If  the  probe  is  immersed  in  water 
these  are  seen  to  sprcjul  (»nt  and  float  upon  the  surface,  but 
are  not  dissolved  by  the  fluid ;  they  are  really  the  epidermal 
cells  lining-  the  canal,  which  have  been  thrown  off  by  the  in- 
flammatory process.  The  obstructing  mass  is  an  aggregation 
ol  these  cells,  and.  though  easily  penetrated  by  any  instru- 
ment, which  may  remove  a  considerable  quantity  each  time 
it  is  inserted,  is  very  difficult  to  remove  completely.  Even 
when  the  fundus  seems  entirely  clear  we  often  find,  in  at- 
tempting to  dry  the  parts  perfectly,  that  the  cotton  pledget 
brings  away  more  of  these  white  scales,  so  that  the  complete 
clearing  out  of  the  meatus  is  a  matter  of  no  small  difficulty. 
The  entire  epithelial  plug  presents  an  appearance  not  unlike 
a  wad  o{  unsized  paper  that  has  been  moistened  in  water,  and, 
in  fact,  is  often  mistaken  for  a  foreig'n  body  of  this  kind,  which 
has  found  its  way  into  the  canal. 

Where  the  inflammation  is  of  what  may  be  called  the 
symptomatic  type — ^that  is,  merely  an  indication  of  a  deeper- 
seated  inflammatory  process  within  the  mastoid — we  usually 
find  that  the  superior  and  posterior  walls  of  the  canal  close  to 
the  membrana  lynipani  are  most  involved.  The  cnnal  lumen 
at  its  deepest  part  is  narrowed  by  an  apparent  sinking  of  the 
walls,  and  at  the  fundus,  instead  of  a  well-defined  line  of  de- 
marcation between  the  drum  mt- mbranc  and  canal  walls,  it  ap- 
pears  as  if  the  superior  and  inferior  walls  were  separated  only 
by  a  narrow  slit,  througlt  which  a  small  area  of  the  mcmbraae 
is  seen.  The  chief  point  of  diagnostic  importance  is  the  dif. 
ference  between  this  condition  and  that  seen  in  circumscribed 
otitis  externa.  In  this  latter  form,  after  the  speculum  has  been 
introduced  into  the  canal,  the  membrana  tympani  is  distinctly 
seen,  and  appears  normal  in  extent  as  the  obstruction  lies  near 
the  orifice  of  the  meatus.  In  the  disease  under  consideration 
the  introduction  ol  the  speculum  is  easy,  but  the  canal  be- 
comes more  obstructed  as  we  approach  the  fundus,  owing  to 
the  fact  that  the  disease  is  a  periostitis  of  ihe  deeper  part  o( 
the  canal  (Fig-  78).  It  is  of  extreme  importance,  especially  in 
children,  to  recognize  this  condition  early,  as  it  is  one  of  the 
best  indications  that  a  previously  existing  nuddle-ear  inflam- 
mation has  invf)lvcd  the  deeper  structures,  or  that  an  accumu- 
lation of  pus  in  the  tympanum  has  passed  out  through  the 
Hivinian  fissure  along  the  superior  and  posterior  aspects  of 
the  meatus  (Fig.  87}.     In  either  case  the  condition  is  one 
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which  requires  prompt  treatment  in  order  that  serious  C(jn- 
scquenccs  may  be  averted.  The  appearance  presented  by  a 
chrunic  diffuse  otitis,  resulting  in  cither  unifumi  narrowing  of 
the  meatus  or  isolated  bony 
deposits  or  exostoses,  offers 
no  difficulties  in  diagnosis. 
When  the  latter  condition  Is 
present,  care  need  only  be 
taken  to  so  cleanse  the  parts 
that  the  observer  may  be  cer. 
tain  that  ihe  localized  en- 
croachment upon  the  lumen 
oi  the  canal  is  beneath  the 
integument  instead  of  super- 
ficial to  it.  It  would  seem  al- 
most impossible  for  this  mis- 
take to  be  made,  but  masses  of 
hardened  cerumen  occasion, 
ally  present  tlie  appearance 
of  an  exostosis,  the  surface  of 
which  is  covered  by  a  thin 
layer  of  cerumen.  By  means 
o(  the  curette  any  foreign  siibstancc  is  easily  removed  from  the 
canal  wall,  and  the  true  condition  becomes  apparent  at  once. 

Prognosis. — The  course  pursued  by  the  disease  we  arc 
here  considering  is  as  varied  as  the  causes  which  underlie  it. 
The  simpler  varieties  arc  unattended  by  any  grave  results,  al- 
though somewhat  obstinate  to  relieve.  Where  the  deeper 
parts  are  involved,  where  the  disease  is  of  long  standing,  or 
where  the  condition  is  symptomatic,  the  prognosis  is  ire- 
quenlly  gnive.  Important  regions  may  suffer  secondarily, 
by  extension  directly  from  the  canal,  or  the  condition  with- 
in the  meatus  may,  if  unchecked,  spread  to  the  middle  car 
and  result  in  any  of  the  sct|ucln;of  a  severe  inflammation  wilh< 
in  the  tympanum.  Where  the  disease  is  secondary  to  an  in- 
Iratympanic  affection  the  gravity  of  the  prognosis  depends 
more  upon  the  condition  of  the  middle  car  than  upon  the 
changes  within  the  canal.  As  regards  the  impairment  of 
function,  the  power  of  audition  may  suffer  cither  from  the 
narmiving  of  the  meatus  throughout  its  entire  extent  or  by 
Ihe  development  oi  circumscribed  bony  deposits.  In  some 
instances   the  chronic   congestion  of  the  deeper  structures 
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caused  by  a  chronic  inflamniatury  process  within  the  mea- 
tus, may  lead  to  functional  irapairrnent.  In  the  desquama- 
tive form  o(  inflammation  the  pressure  exerted  by  a  mass  of 
epithelium  may  produce  faul  results  by  absorption  ol  the 
bony  walls  and  exposure  ol  the  cranial  contents.  This  may 
occur  without  any  symptoms  of  middle-ear  intlammation,  or 
the  mcmbrana  tympani  may  be  destroyed  and  a  suppurative 
otitis  media  result.  Sometimes  the  mass,  while  not  leading  to 
such  grave  results,  seriously  impairs  the  function  of  the  car 
by  chronic  adhesive  processes  within  the  tympanum  from  the 
long-continued  pressure.  In  other  cases  the  pressure  causes 
labyrinthine  changes. 

Treatment. —  In  the  mild  cases  of  chronic  diffuse  otitis 
externa  treatment  is  largely  directed  to  the  relief  of  the  dis- 
tressing pruritus  from  which  the  patient  suffers.  The  crusts 
arising  either  from  involvement  of  the  sebaceous  glands  ia 
seborrhcca  or  from  cutaneous  infiltration  in  eczema  should 
be  removed  by  some  bland  oily  application,  such  as  vaseline 
or  olive  oil,  alter  which,  in  the  glandular  variety  of  the  dis- 
ease, it  will  be  sufficient  to  apply  once  each  day  a  slightly 
stimulatingointment,  such  as  the  unguent,  hydrarg.ammontat., 
diluted  with  ten  parts  of  vaseline  or  cold  cream,  or  the  un- 
guent, hydrarg.  oxidi  flavi  may  be  employed  in  about  the 
same  strength.  In  eczema  the  various  measures  detailed 
under  eczema  of  the  auricle  will  be  found  valuable.  It  is  im- 
portant, in  order  that  the  treatment  may  be  efficacious,  that 
the  patient  should  refrain  from  scratching  the  ears,  as  ihb 
increases  the  local  inflammation.  For  this  purpose  wc  may 
add  cither  cocaine  or  morphine  to  the  above  ointments.  It 
is  well  for  these  patients  on  retiring  to  insert  into  the  ear  a 
pledget  of  cotton  smeared  with  such  an  ointment,  as  they 
frequently  injure  the  parts  during  sleep.  The  use  of  water  in 
any  inflammatory  condition  of  the  canal  attended  with  infil- 
tration of  the  integument  is  to  be  absolutely  forbidden,  as  it 
tends  to  increase  its  activity. 

In  the  parasitic  variety  the  fungus  should  be  removed  as 
completely  as  possible  by  means  of  the  curette,  forceps  and 
cotton  pledget,  great  care  being  taken  to  avoid  abrading  the 
epidermis  of  the  canat.  In  these  cases  the  walls  of  the  mea- 
tus will  be  found  very  sensitive,  and  the  complete  removal  of 
the  parasite  will  be  difficult.  The  occasional  application  of  a 
ten  per  cent,  solution  of  cocaine  during  the  operation  will  af 
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ford  considerable  relief  and  will  facilitate  the  operation.  It 
is  not  well  to  prolong  unduly  our  efforts  at  removal  or  tn  in- 
flict severe  pain.  After  as  much  as  possible  has  been  removed 
a  solution  ol  bichloride  of  mercury,  one  to  eight  thousand,  in 
fifty  per  cent  alcohol,  or  a  saturated  alcoholic  solution  o(  bo- 
racic  acid,  or  a  two-per-cent  alcoholic  solution  of  salicylic 
acid,  as  Siebenmann*  recommends,  should  be  applied  to  the 
parts  by  means  of  the  cotton  pledget. 

It  is  sometimes  well  to  employ  a  powder  instead  of  the 
above  solutions.  The  walls  of  the  canal  may  be  lightly  dusted 
with  boracic  acid  or  a  mixture  of  boracic  acid  and  salicylic 
acid  in  the  proportion  of  twenty  to  one.  In  this  way  we 
avoid  the  presence  of  moisture,  a  condition  which  we  know 
favors  the  growth  of  the  fungus.  It  is  well  to  see  the  patient 
daily  at  first,  and  at  each  sitting  to  remove  as  much  of  the 
deposit  us  possible.  When  the  canal  seems  free  the  antisep- 
tic solution  should  be  placed  in  the  hands  of  the  patient,  and 
he  should  be  directed  to  instill  ten  or  twelve  drops  of  cither 
preparation  into  the  canal  twice  or  three  times  daily.  By 
this  means  any  new  growth  is  prevented  and  a  complete  cure 
cUccted.  Remembering  that  an  otomycosis  is  often  depend- 
ent upon  a  suppurative  inflammation  of  the  middle  car,  it  is 
scarcely  necessary  to  state  that  ihi-s  affection,  if  present,  must 
be  treated  properly  in  order  to  prevent  the  recurrence  of  the 
condition. 

Prophylactic  measures  against  development  of  organisms 
within  the  meatus  should  be  taken  in  all  cases  of  aural  disease 
which  come  under  the  observation  of  the  surgeon.  A  com* 
moQ  cause  of  the  milder  varieties  of  this  affection  depends 
upon  a  habit  so  common  among  the  laity  of  instilling  oily  so< 
lutions  into  the  car  for  the  relief  of  pain.  Not  only  should 
this  be  forbidden,  but  the  surgeon  should  be  particularly  care- 
ful in  cases  where  it  is  necessary  to  use  oily  substances  within 
the  meatus  that  none  of  the  fatty  materia!  remains  in  the  canal 
when  the  patient  is  discharged.  To  be  certain  of  this  it  is  ad- 
visable upon  dismissing  the  patient  to  wipe  the  canal  thor- 
oughly  with  a  cotton  pledget  moistened  in  alcohnl. 

In  the  desquamative  form,  the  first  indication  is  to  remove 
the  mass  of  epithelium  filling  the  canal.  This  is  by  no  means 
simple  where  the  disease  has  persisted  for  a  long  time,  cspc- 
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cially  as  attention  Is  frequently  drawn  to  the  condition  (or  the 
first  time  by  an  acute  inflammation  of  the  parts,  resulting  in 
so  much  swelling  that  the  calibre  of  the  canal  is  greatly 
reduced. 

Our  first  efforts  at  removal  should  be  by  the  use  of  a  warm 
antiseptic  solution  injected  into  the  ear  by  means  of  the  syringe. 
This  will  usually  bring  away  the  superticial  portion  of  the 
mass,  and  occasionally  all  of  it.  Frequently,  however,  the 
deeper  portion  of  the  canal  remains  obstructed,  and  It  will  be 
necessary  to  use  the  blunt  curette  in  order  completely  to  re- 
move the  collection.  When  the  canal  is  swollen  and  tender, 
as  frequently  occurs  from  an  acute  exacerbation,  the  manipu- 
lation is  extremely  difficult,  and  sometimes  a  general  anaes- 
thetic is  necessary.  In  using  the  curette,  we  should  first  at- 
tempt to  separate  the  mass  from  the  canal  along  one  wall, 
and  afterward  break  it  up  by  inserting  the  instrument  be- 
tween it  and  the  canal  wall  and  removing  small  portions  suc- 
cessively until  a  narrow  channel  has  been  made  between  the 
canal  wall  and  the  foreign  body.  By  directing  the  stream  of 
water  from  the  syringe  toward  this  channel,  the  entire  mass 
may  usually  be  brought  away,  although  it  may  be  necessary 
to  remove  the  entire  collection  piecemeal  with  the  curette. 
If  il  is  impossible  to  insert  the  curette  between  the  epithelial 
aggregation  and  the  canal  wall  at  any  point,  owing  to  the  ten- 
derness of  the  meatus,  our  efforts  arc  sometimes  more  success- 
ful if  a  passage  is  tunneled  directly  through  the  centre  of  the 
plug,  after  which,  by  carrying  the  curette  into  this  channel 
and  then  pressing  it  in  toward  the  opposite  wall  of  the  canal, 
the  portion  included  between  the  instrument  and  the  wall 
may  be  removed  ;  the  process  must  be  repealed  until  the  mca- 
tus  is  perfectly  clear. 

Where  the  condition  has  remained  unrecognized  for  a  long 
time,  the  bony  meatus  close  to  the  drum  membrane  may  be 
very  much  dilated,  and  the  foreign  body  attain  such  dimen- 
sions as  to  render  its  removal  from  the  meatus  in  its  entirely 
impossible.  At  the  same  time  the  deep  meatus  has  been  so 
dilated  that  the  manipulation  of  any  instrument,  such  as  the 
curette  or  a  spoon,  is  very  much  restricted.  These  epithelial 
masses  may  invade  the  cells  of  the  mastoid  process  through 
the  absorption  or  necrosis  of  the  bony  walls  from  pressure. 
It  occasionally  becomes  necessary  to  open  the  mastoid  in 
order  completely  to  eradicate  the  disease.    Such  cases  have 
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been  reported,  but  an  element  of  doubt  always  remains  as  to 
whether  ihcy  were  not  cases  of  cholesteatoma  originating 
within  the  tympanum  and  invading  the  canal  secondarily. 

Alter  the  canal  has  been  thoroughly  cleared,  our  efforts 
should  next  be  directed  toward  putting  the  epidermis  in 
normal  coadition.  Here  powders  are  of  special  bcneBt,  as 
they  relieve  the  sodden  condition  of  the  parts  more  quickly 
than  do  fluid  preparations.  For  this  purpose  boracic  acid 
may  be  dusted  over  the  walls  of  the  canal,  or  a  mixture  of 
boracic  acid  and  iodoform,  or  iodul,  if  the  odor  of  iodoform 
is  objectionable.  Quite  recently  the  introduction  of  dermatol 
into  surgery  has  given  us  a  drug  particularly  adapted  to  these 
cases.  These  measures  should  not  be  trusted  to  the  hands 
of  the  patient,  but  should  be  cnrricd  out  by  the  surgeon — at 
first  daily,  the  interval  being  increased  as  the  case  progresses. 
The  oxide  of  zinc  mixed  with  boric  acid,  in  the  proportion 
of  one  part  of  oxide  of  zinc  to  two  of  boric  acid,  may  also 
be  used  with  advantage  in  the  milder  forms  of  the  disease. 
When  necrosis  has  occurred  it  will  first  be  necessary  to  re- 
move the  dead  bone,  after  which  the  case  may  be  managed 
on  general  surgical  principles.  If  granulation  tissue  develops, 
a  thorough  cleansing  of  the  parts  may  be  sufficient  to  cause 
it  to  disappear;  if  large  in  amount,  it  should  be  removed 
by  means  of  the  cold  snare  or  destroyed  in  situ  by  the  gal- 
vano-cautery,  nitrate  of  silver,  or  chromic  acid.  The  last 
agent  yields  better  results  and  is  more  easily  manipulated 
than  the  others. 

Where  the  disease  is  of  the  symptomatic  variety  much 
more  energetic  measures  must  be  undertaken,  and  if  the  pato 
is  intense,  cold  applications  to  the  mastoid  process  are  indi- 
cated. This  is  most  easily  effected  by  using  the  Lciter  coil 
(Fig.  81)  or  the  aural  ice  bag  (Fig.  70).  The  local  abstrac- 
tion of  blood  by  means  of  the  artificial  leech  may  also  give 
relief  where  the  pain  is  very  severe.  It  is  to  be  applied  be- 
hind the  ear  over  the  mastoid  process,  since  the  symptomatic 
variety  is  indicative  of  tlic  fact  that  this  region  is  affected. 
From  a  healthy  adult  from  two  to  four  ounces  of  blood  may 
be  removed  :  and  in  the  very  early  stages  this  plan  of  local 
bloodletting,  followed  by  the  application  of  cold,  may  pre- 
vent further  progress.  If  this  fails,  or  if  the  condition  has 
advanced  too  far  to  be  aborted,  a  long  deep  incision  should 
be  made  through  the  tumefied  tissues  which  are  seen  to 
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encroach  upon  the  lumen  of  the  canal  close  to  the  membrana 
lympani.  This  incision  completely  divides  the  soft  parts 
down  to  the  bone.  The  short  curved  bistoury  is  carried  into 
the  canal  as  far  as  the  drum  membrane,  and  is  plunged 
quickly  into  tlie  bulging  supero-postcrlor  wall  until  the  point 
is  felt  to  impinge  upon  the  bone;  it  is  then  drawn  outward, 
the  point  still  being  pressed  hrmly  upon  the  bone.  In  this 
way  the  periosteum  is  divided  and  tension  relieved.  The  in- 
cision should  not  be  less  than  half  an  inch  in  length,  and  may 
be  even  longer ;  the  bleeding  is  very  tree,  a  fact  which  con- 
tributes largely  to  the  benefit  derived.  It  is  to  be  borne  in 
mind  that  the  external  otitis  here  is  a  manifestation  of  an 
inflammatory  process  within  the  upper  part  of  the  tympanum 
itself.  We  are  therefore,  in  making  the  initial  puncture,  to 
carry  the  knife  upward,  backward,  and  inward  beyond  the 
inner  extremity  of  the  bony  canal,  through  the  mcmbrana 
llaccida,  into  the  tympanic  vault  (Fig.  87).  The  incision  is 
completed  in  the  manner  above  described  by  drawing  the 
knife  outward  along  the  supcro-posterior  wall  of  the  meatus. 
In  this  way  the  mucous  folds  wilhin  tlie  tympanum  are  di- 
vided, and  the  congestion  within  the  middle  car  reduced. 
Where  the  tumefaction  in  the  canal  is  due  to  the  presence  of 
pus,  evacuation  through  the  meatus  is  not  sufficient,  and  it  is 
imperative  that  the  mastoid  cells  should  be  at  once  opened 
and  every  vestige  of  diseased  bone  removed. 

Where  the  inflammation  has  led  to  a  diminution  in  the 
calibre  of  the  meatus  through  hypertrophy  of  the  bony  walls, 
it  is  sometimes  necessary,  in  order  that  the  function  of  the 
organ  may  be  preserved,  to  attempt  a  restoration  of  the 
channel  to  its  normal  size.  When  a  very  small  passage  re- 
mains,  gradual  dilatation,  if  systematically  carried  out  for  a 
long  time,  may  prove  satisfactory.  This  is  best  accomplished 
by  inserting  into  the  canal  a  small  aluminium  tube,  which  will 
just  pass  through  the  constriction.  I'hc  pat  lent  is  to  wear  thi5 
for  one  or  two  days,  when  it  is  to  be  removed  and  a  little 
larger  tube  inserted.  It  is  seldom  possible,  howevei",  to 
promise  that  the  tube  may  ever  be  dispensed  with  perma- 
nently, for  when  it  is  removed  the  parts  very  quickly  resume 
their  r)riginal  position.  The  diameter  of  the  meatus  may  be 
very  considerably  increased  by  carrying  out  this  treatment, 
and  the  patient  should  learn  to  insert  the  tube  liimself,  wear- 
ing it  during  the  day  and  removing  it  at  night.     Its  presence 
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causes  no  inconvenience,  and  effectually  relieves  the  impair- 
ment of  hearing'  dut;  to  the  diminished  size  of  the  passage. 
Pomcroy  has  suggested  the  use  of  small  rubber  tubes  stictchcd 
over  a  silver  probe  to  enable  them  to  be  inserted  through  the 
stricture.  After  they  have  been  jiroperly  placed  the  probe  is 
withdrawn  and  the  tube  resumes  its  original  dimensions,  thus 
exerting  by  its  elasticity  a  constant  dilating  force  against  Ihc 
surrounding  walls.  This  plan  has  proved  advantageous  in 
some  cases,  but  relapses  have  taken  place,  even  after  the  con- 
dition was  apparently  cured.  Where  the  channel  is  so  nar- 
row ihat  only  a  fine  probe  can  be  passed,  and  the  use  of  a 
lube  is  impossible,  it  is  well,  for  the  first  few  days,  to  carry 
a  very  small,  tightly  wound  pledget  of  cotton  through  the 
constriction  by  means  of  the  forceps;  this  cotton  pledget  ab- 
sorbs moisture  from  the  walls  of  the  canal,  increases  in  .size, 
and  dilates  the  jiassage  slightly.  In  tins  way  sufTicicnt  space 
■nay  be  gained  to  permit  the  insertion  of  a  small  tube,  after 
which  one  of  the  plans  already  described  may  be  caiTicd  out. 
The  removal  of  any  portion  of  the  bony  wall  by  means  o( 
cutting  instruments  is  seldom  attended  by  good  results  where 
the  narrowing  is  symmetrical.  If  the  passage  is  encroached 
upon  by  an  exostosis,  this  may  be  removed.  This  condition 
will  be  treated  in  a  later  chapter. 

Acute  Diffuse  External  Otitis. 

iCtiology.— The  acute  form  of  the  disease  usually  occurs 
as  an  exaccrbatiim  of  a  previous  chronic  condition:  occasion- 
ally,  however,  it  presents  jis  an  idiopathic  disease,  either  from 
exposure  to  cold  or  as  a  complication  of  some  profound  con. 
stilutional  infection,  as  epidemic  iiiHuenza,  scarlet  fever,  typhus 
and  typhoid  fevers,  etc.  The  most  frequent  cause  is  a  puru- 
lent otitis  media,  the  tissues  of  the  canal  becoming  infected  by 
the  purulent  discharge  in  which  they 'ire  bathed.  This  last  va- 
riety docs  not  include  those  cases  already  denominated  under 
the  term  symptomatic.  Injuries  of  the  canal  from  mechanical 
violence  or  from  the  action  of  the  potential  or  chemical  escha- 
mtic  agents  may  also  give  rise  to  an  acute  diffuse  inflamma- 
tion of  the  parts.  An  occasional  cause  is  the  occurrence  of  a 
furuncle  in  the  meatus,  the  condition  becoming  general  and 
involving  the  entire  canal  after  the  circumscribed  process  has 
fully  developed. 

Pathology. — The  changes  consist  in  a  diffuse  inflammation 
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of  the  cellular  tissue  of  the  walls  of  the  meatus.  In  the  first 
stage  the  parts  arc  intensely  congested,  after  wliich  there  is  a 
free  transudation  of  the  Huid  elements  oi  the  bluod,  causing 
oedema;  the  interstices  between  the  connective-tissue  fibres 
become  intiltraied  with  new  cells,  and  if  allowed  to  continue 
unchecked  pus  formation  results.  It  is  seldom,  however,  that 
this  occurs,  as  relief  is  sougliL  before  this  stage  is  reached. 
The  tissues  break  down  in  this  region  at  a  very  late  period, 
on  account  of  their  density  and  firmness,  and  remain  infiltrated 
for  a  long  period  before  local  necrosis  results. 

Symptomatology,  —  The  subjective  symptoms  arc  pro- 
nounced and  succeed  each  other  rapidly.  The  first  sensation 
is  one  of  fullness  or  discomfort  in  the  canal,  quickly  followed 
by  intense  pain.  The  constitutional  disturbance  is  frequently 
quite  marked,  the  temperature  being  elevated  from  two  to 
three  degrees  above  normal ;  considerable  prostration  is  pres- 
ent; the  patient  suffers  from  headache,  loss  oi  appetite,  and  all 
those  symptoms  indicative  of  an  inflammatory  process  in  dense 
cellular  tissue.  From  the  swelling  o(  the  parts  the  meatus  is 
rapidly  occluded  and  the  function  of  audition  is  markedly  in- 
terfered with.  Subjective  noises  are  often  present,  but  the 
pain  is  so  severe  that  they  are  seldom  complained  of.  In  ad- 
dition to  the  spontaneous  pain  intense  pain  is  elicited  upon 
touching  the  auricle.  After  a  short  period  the  surrounding 
lymphatic  glands  may  become  infiltrated,  especially  those  ly. 
ing  immediately  befiind  and  below  the  auricle,  any  movement 
of  the  jaws  is  painful,  and  in  severe  cases  the  mouth  is  opened 
with  difficulty. 

Diagnosis. — We  have  to  differentiate  bct\vecn  a  circum- 
scribed inflammation  of  the  meatus,  an  acute  affection  of  the 
middle  ear  and  mastoid,  and  the  disease  under  consideration. 
The  symptoms  complained  of  by  the  patient  do  not  differ,  ex- 
cept in  severity,  from  those  characteristic  of  the  circumscribed 
external  otitis.  The  constitutional  disturbance,  however,  is 
much  more  marked  and  the  progress  of  the  disease  more  rapid. 
The  insertion  of  the  speculum  ordinarily  causes  but  little 
pain  and  the  outer  third  of  the  meatus  is  often  found  to  be 
nearly  normal  in  size.  Deeper,  however,  the  lumen  is  much 
diminished,  the  encroachment  usually  being  from  the  supcro> 
posterior  wall,  which  seems  to  project  downward  and  for- 
ward into  the  canal.  The  swelling  is  more  pronounced  as 
we  approach  the  fundus  and  a  considerable  portion  of  the 
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drum  membrane  is  hidden  from  view.  Where  the  membrana 
lympani  lies  very  obliquely  to  the  superior  and  posterior  walls 
it  apparently  merges  into  these  without  any  line  of  demarca- 
tion. This  is  particularly  the  case  in  infants,  owing  to  the  ab- 
sence of  the  bony  meatus;  in  the  adult,  however,  if  the  canal 
alone  is  involved  the  observer  recognizes  that  a  portion  of  the 
drum  membrane  is  concealed  from  view,  but  that  the  swollen 
wall  of  the  canal  is  not  continuous  with  the  nienibrana  lym- 
pani  (Fig.  88).  A  sulcus  can  be  recognized  between  the  mem- 
brana tympani  and  the  tunictaction.  In  very  severe  cases 
the  swelling  may  be  so  great  as  to  occlude  the  meatus  com- 
pletely, the  opposite  walls  lying  in  contact.  The  surface  of 
the  tumefaction  is  slightly 
moist,  presenting  a  dead- 
white  color,  dge  to  the  local 
necrosis  of  the  superficial 
epithelial  cells.  H  these  are 
wiped  away  the  surface  ap- 
pears reddened  and  moist. 
This  desquamation  of  the 
siipcrlicial  cells  is  often  a 
very  prominent  feature  of 
the  disease  and  may  render 
the  diagnosis  extremely  dif- 
ficult. These  cells,  as  they 
are  rapidly  cast  off,  accumu- 
late in  the  canal  and,  owing 
to  its  contracted  calibre,  are 
tt-ith  great  difficulty  cleared  away  so  as  to  permit  a  view  of 
the  small  portion  of  the  drum  membrane  not  hidden  by  the 
swollen  canal  wall.  The  swelling  is  intensely  painlul  to  ma- 
nipulation with  ihe  probe ;  pressure  in  front  of  the  tragus  or 
efforts  at  crowding  the  canal  upward  or  forward  are  attended 
with  S-vcre  pain.  There  may  be  considerable  u-tlema over  the 
post-auricular  region,  and  the  auricle  may  be  displaced  out- 
ward and  forward  (rom  the  si<ie  of  the  head  more  or  less 
prominently.  Palpation  along  the  anterior  border  of  the 
stemo-mastoid  muscle  reveals  cunsiderabh;  inlittration  of  the 
lymphatic  glands.  When  this  condition  occurs  with  oedema 
over  the  mastoid  the  differential  diagnosis  between  diffuse  ex- 
ternal otitis  and  perforation  at  the  tip  of  the  mastoid  is  possi- 
ble only  by  speculum  examination  alone.     It  is  exceedingly 
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important  in  these  cases  to  prolong  the  speculum  examination 
&ufliciemly  to  determine  the  coexistence  of  any  inflammatory 
condition  within  the  tympanum.  This  is  particularly  true  in 
the  case  of  children,  since  an  acute  purulent  otitis  media,  it 
severe,  may  be  accompanied  by  a  difluse  inflammation  In  the 
extt-rnal  meatus,  and  the  early  recognition  of  the  true  nature 
of  the  disease  is  a  matter  of  great  importance.  The  surgeon 
should  therefore  obtain  a  view  of  the  drum  membrane,  al- 
though this  may  require  considerable  time  and  inflict  a  certain 
amount  of  sufl"ering  upon  the  patient.  Where  the  parts  are 
very  much  swollen  and  the  view  is  obstructed  by  desquamated 
epithelium,  the  persistent  use  of  small  cotton-tipped  probes 
will  enable  us  to  clear  this  away,  and  to  reduce  the  swelling 
by  pressure  sufficiently  To  permit  an  inspection  of  tlie  drum 
membrane,  or  at  least  of  a  portion  of  it.  If  this  is  normal  in 
color  we  arc  warranted  in  the  assumption  that  the  disease  is 
confined  to  the  canal  alone. 

Prognosis.^Thc  progress  of  the  aflcction  will  depend 
largely  upon  the  causation.  If  it  is  idiopathic  the  prognosis 
is  good;  if  dependent  upon  traumatism,  either  mechanical, 
chemical,  or  thermal,  the  outcome  will  depend  upon  the  se- 
verity of  the  injury  inflicted.  As  complicating  an  acute  or 
chronic  process  within  the  middle  eartheseverity  of  the  lesion 
within  the  tympanum  furnishes  an  index  of  the  probable  out- 
come  of  the  case.  When  arising  from  a  previous  chronic  in- 
llammation  of  thecan.'il  without  any  special  exciting  cause,  the 
disease  is  usually  mild  in  character.  The  degree  of  constitu- 
tional disturbance  docs  not  indicate  the  probable  severity  oi 
the  attack,  as  in  the  early  stages  ;  the  general  symptoms  arc 
usually  very  well  marked  even  in  mild  cases. 

Treatment— The  first  efforts  should  be  directed  toward 
relieving  the  severe  pain  which  the  patient  suSers,  and  the 
attempt  should  be  made  possible  to  abort  the  process  before 
the  stage  of  pus  formation  is  reached.  For  the  relief  of  pain, 
both  local  and  general  measures  are  indicated.  A  sufficiently 
large  dose  of  morphine  or  some  preparation  of  opium  should 
be  administered,  either  by  the  mouth  or,  if  the  severity  of  the 
attack  demands  it.  by  the  hypodermic  method.  The  patient 
should  be  confined  to  bed  and  kept  as  quiet  as  possible;  it  is 
also  well  to  obtidn  a  certain  amount  of  revulsive  action  by 
the  administration  of  a  saline  cathartic.  H  seen  very  early, 
we  may  resort  to  local  bloodletting,  removing,  by  means  of 
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the  artificial  leech,  not  less  than  two  ounces  of  blood.  The 
site  from  which  this  is  removed  will  tiepend  somewliat  upon 
the  region  in  which  the  process  seems  to  be  most  severe,  but 
as  a  rule  in  the  diffuse  form  of  intiammation  the  best  results 
arc  obtained  by  the  abstraction  of  Wood  from  the  mastoid 
region ;  here  preference  should  be  given  to  the  arliftcial 
leach  rather  than  to  the  natural.  Immediately  after  the  ab- 
straction of  blood  ihc  Leitcr  coil  should  be  applied  to  the 
mastoid  region,  or  the  aural  ice  bag  may  be  used  if  this  is 
more  agreeable  to  the  patient.  If  for  any  reason  local  de- 
pleliiHi  seems  inadvisable,  we  may  proceed  at  once  to  apply 
the  ice  coil  or  ice  bag.  In  addition  to  this,  considerable  re- 
lief is  often  obtained  by  frequently  irrigating-  the  canal  by 
means  of  Ihc  ear  syringe,  or,  better,  by  employing  the  foun- 
tain syringe.  A  weak  antiseptic  solution,  as  of  bichloride  of 
mercury,  one  to  eight  thousand,  or  a  saturated  aqueous  solu- 
tion of  boric  acid,  is  to  be  used  for  this  purpose.  The  warm 
fluid  should  be  allowed  lo  flow  into  the  meatus  for  a  period 
of  from  five  to  fifteen  minulcs.  according  to  the  relief  which 
it  affords.  In  this  manner  the  parts  are  cleansed  and  the 
analgesic  effect  of  the  warm  douche  obtained.  It  is  not  neces- 
sary to  remove  the  ice  coil  from  the  mastoid  region  in  order 
to  carry  out  this  measure,  and  although  the  two  would  seem 
to  be  apparently  opposite  in  action,  the  eflect  obtained  is 
often  very  satisfactory.  This  plan  of  treatment  should  not 
be  persisted  in  for  more  than  twenty-four  hours,  at  the  end 
of  which  time,  if  the  symptoms  are  not  so  much  relieved  that 
the  patient  is  able  to  rest  without  the  use  of  an  opiate,  and 
complains  of  but  little  or  no  spontaneous  pain,  more  active 
measures  are  demanded.  At  this  period  no  treatment,  to  my 
mind,  is  so  efficacious  as  a  deep  free  incision  in  the  canal, 
relieving  at  the  same  time  the  tension  of  the  parts  and  effect- 
ing local  depletion.  In  order  lo  be  efTicacioiis,  the  incision 
should  be  deep  and  of  considerable  length.  The  site  of  elec- 
tion is  usually  the  posterior  or  postcro-superior  wall  of  the 
canal.  Under  illumination  by  means  of  the  head  mirror,  a 
sharp  stout  knife,  such  as  is  shown  in  I''ig.  87,  should  be  carried 
through  the  swollen  canal  wall,  close  to  the  drum  membrane, 
until  the  point  of  the  instrument  is  felt  to  impinge  upon  the 
bone.  The  incision  is  then  extended  directly  outward  for 
from  one  half  to  three  fourths  of  an  inch,  dividing  all  the  over- 
lying  structures,  the  point  of  the  knife  being  kept  in  contact 
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with  the  bone  throughout  the  entire  length  of  the  inciaon. 
When  possible,  the  operation  should  be  performed  un- 
der nitrous  oxide  anjesthesia.  The  relief  is  almost  imme- 
diate, and  is  complete  usually  at  the  end  of  twelve  hours. 
Hartmann  *  strongly  advises  against  incision  in  the  acute 
form  of  difiusc  external  otitis,  asserting  that  improvement 
never  follows  the  procedure,  while  frequently  the  condition 
is  much  aggravated.  Certainly  this  has  not  been  my  experi- 
cnce,  although  I  hesitate  lo  differ  with  so  high  an  ;iuthority. 
The  only  possibility  of  this  measure  inHicting  injury  would  be, 
it  seems  to  me,  in  cases  where  the  field  of  operation  had  not 
been  properly  cleansed.  If  the  canal  is  freely  irrigated  before 
the  incision  is  made  I  can  see  no  reason  why  the  result  should 
be  anything  but  satisfactory.  After  the  operation  the  ear  is 
to  be  syringed  every  two  to  four  hours  with  a  mild  antiseptic 
solution.  This  irrigation  is  to  be  continued  until  the  local 
condition  becomes  normal,  the  frequency  being  diminished 
gradually.  Complete  resolution  with  restoration  of  the  nor- 
mal calibre  of  the  canal  is  frequently  rather  slow,  and  may 
not  occur  for  several  weeks.  During  this  period  the  canal 
is  apt  to  be  the  seat  of  a  clesquainalivc  inflammation,  the  epi- 
thelium being  rapidly  thrown  off,  while  at  the  same  lime  a 
certain  amount  of  serous  transudation  takes  place,  causing  a 
thin  turbid  discharge  from  the  canal.  In  this  condition  the 
meatus  offers  a  favorable  site  for  the  development  of  nsper- 
gillus,  and  our  cflorts  at  cleansing  the  parts  should  not  cease 
until  the  discharge  has  entirely  disappeared.  For  the  first 
few  days  the  most  relief  will  be  obtained  by  the  use  of  one 
of  the  antiseptic  solutions,  the  canal  being  cleansed  from  two 
to  four  times  daily,  according  to  ihe  amount  of  discharge. 
After  the  discharge  has  ceased  the  use  of  any  fluid  in  the 
canal  rather  prolongs  the  process,  and  the  parts  will  more 
quickly  return  to  their  normal  condition  if  the  walls  of  the 
meatus  are  dusted  lightly  with  some  antise[>tic  or  astringent 
powder,  such  as  finely  divided  boric  acid,  oxide  of  zinc,  der- 
matol,  bismuth  subnitrate.  or  any  similar  substance.  If  it  is 
necessary  to  leave  the  treatment  largely  lo  the  hands  of  the 
patient,  alcoholic  solutions  may  be  used  in  place  o!  powders. 
Of  these,  a  four-  or  eight-pcr-ccnt  solution  of  boric  acid  in 
dilute  alcohol  is  probably  the  most  efficacious.  If  the  dis- 
charge continues,  after  the   use  of  the   powders  and   upon 
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thoroughly  drying  the  ear  by  means  of  the  cotton  pledget, 
we  find  that  the  cutaneous  surface  is  reddened  and  moist,  a 
stimulating  ap|)licatinn,  such  as  a  solution  of  nitrate  of  silver, 
lightly  brushed  over  the  canal  will  frequently  cause  the  walls 
lo  return  rapidly  to  their  normal  condition.  In  making  these 
applications  a  comparatively  mild  solution  (about  ten  grains 
to  the  outtce)  should  be  used  at  6rst,  the  strength  being  grad- 
ually increased  according  to  the  iiidicaiions.  These  applica- 
tions may  at  first  be  made  daily,  and  afterward  at  longer  inter. 
vals.  If  the  disease  is  not  seen  in  its  early  stages  and.  in  spite 
of  our  eiforls,  there  is  considerable  destruction  of  tissue,  the 
affection  may  result  in  n  perichondritis  of  the  auricle,  with 
partial  ncciosis  of  the  cartilaginous  framework.  The  treat- 
ment  of  this  affection  has  already  been  considered.  If  our 
efforts  to  limit  the  pathological  process  lo  the  soft  parts  are 
unsuccessful  and  there  is  an  involvement  of  the  underlying 
osseous  structures,  the  case  is  to  be  dealt  with  according  to 
the  rules  laid  down  for  the  management  of  acute  infiamma- 
tioQ  of  the  mastoid  process. 

In  every  case  of  acute  inflammation  of  the  external 
meatus  it  is  to  be  remembered  that  so  long  as  we  confine  the 
process  to  the  canal  walls  wc  have  an  alTeclion,  the  manage- 
ment of  which  is  comparatively  simple.  The  danger  is  that 
it  may  cither  extend  to  the  bony  or  cartilaginous  structures, 
on  one  hand,  or  may  involve  the  tympanic  cavity  secondarily, 
in  which  case  wc  have  to  deal  with  a  suppurative  process 
within  the  middle  car.  Moreover,  where  extension  to  the 
tympanum  occurs,  it  is  the  upper  part  of  the  cavity  which  is 
involved.  As  thi."!  portion  of  the  tympanum  is  richly  sup- 
plied with  cellular  tissue,  |he  complication  constitutes  a  men- 
ace to  life. 

Croupous  ant>  HTPHTHERtTic  External  Otitis. 

The  diseases  included  under  the  above  heading  constitute, 
in  reality,  but  minor  subdivisions  of  diffuse  external  otitis. 
Since  the  epidermis  covering  the  meatus  differs  in  no  respect 
(rom  that  covering  other  portions  o(  the  body,  we  have  no 
reason  to  presume  that  it  should  be  exempt  from  the  above 
spedal  types  of  inflammation.  Under  favorable  conditions 
the  germ  either  of  croupous  or  of  diphtheritic  inflammation 
may  find  lodgment  within  the  meatus  and  produce  there  its 
characteristic  exudation.    The  croupous  form  is  less  com- 
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monly  observed  than  the  diphtheritic.  Like  a  croupous  in< 
flammation  in  other  portions  of  the  body,  it  is  cliaraclerized 
by  a  white,  thick,  velvety  deposit  on  the  surface  of  the  mem- 
brane involved,  consisting  of  coagulated  fibrin  containing 
within  its  meshes  white  blood  corpuscles.  This  deixwit  lies 
immediately  upon  the  surface,  and  can  be  dct.nchcd  from  the 
underlying  structures  without  the  rupture  of  blood  vessels. 
It  is  probable  that  certain  conditions  o(  the  general  health 
render  the  patient  particularly  prone  to  this  form  of  inflam- 
maiion.  The  cxMjditioo  known  as  hyperinosis,  or  an  increase 
in  the  fibrin  clemcsts  in  the  blood,  is  undoubtedly  the  chief 
prcdisjKising  factor.  Given  this  general  condition,  and  a 
simple  inflammstioa  oi  the  epidermis  lining  the  meatus,  the 
lodgment  ol  the  specific  germ  of  croupous  infl-immalion  will 
ordinariiy  be  faOcwred  by  a  change  from  the  simple  type  to 
the  CToapam  iorm. 

Tbe  iILAilwirilir  form,  on  the  contrary,  is  most  frequently 
obscTfcd  a&a  oxnptication  of  otitis  media,  dependent  upon 
^^j^a  A^bcniic  inflammation  of  the  fauces  or  the  angina 
o(  jciiilirtr*  although  it  occasionally  occurs  as  a  primary 
When  occurring  as  a  complicating  lesion,  the 
.«!  Wection  is  usually  the  middle  car;  a  purulent  in- 
fhnimkn>«  hcrt,  with  subsequent  rupture  of  the  membrana 
fMMVL  being  fuUovved  by  a  purulent  discharge  which  con- 
Mhot  Ite  specific  diphtheritic  germ.  Such  an  otitis  media  is 
amWl^Miird  by  a  difi^usc  external  otitis  in  most  ca.<ies.  The 
mMHWA  meftius  is  therefore  in  a  condition  favorable  to  the 
giftoMmt  and  development  oi  the  dii)hthcrittc  germ. 

t>*  physical  examination  reveals,  in  the  early  stages,  the 
^l^ll  of  the  meatus  covered  with  a  white  deposit,  or,  if  ob- 
^lf^«d  only  in  the  period  of  necrosis,  with  a  grayish-white 
IHttabranc,  which  is  5rmly  attached  to  the  underlying  skin, 
Mikl  can  be  removed  only  by  the  use  of  considerable  force,  the 
I^wovaI  being  attended  with  the  rupture  of  blood  vessels. 
When  spontaneous  exfoliation  has  taken  place,  the  exposed 
jitrAs  show  a  li>ss  not  only  of  the  superficial  epithelium,  but 
«tM>  of  the  deeper  layers,  the  condition  being  one  of  true 
wlcomlion.  The  fibrous  structures  of  the  cutis  are  also  affcct- 
e<|,  bcctuning  swollen  and  encroaching  markedly  upon  the 
lumen  ol  the  i>Jissage.  The  condition,  whether  of  primary  or 
wcotulary  origin,  presents  the  same  picture,  and  its  rccog^ni- 
tton  is  not  difficult.     It  might  be  confounded  with  croupous 
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fnflamination,  but  if  we  bear  in  mind  that  a  croupous  deposit 
separates  from  the  underlying  parts  without  hasmorrhage,  the 
mistake  need  not  be  made.  The  severe  type  of  desquamative 
inflammation  of  Ihe  canal,  either  occurring  primarily  or  dc 
pendent  upon  an  otitis  media  purulenta,  may  also  lead  to 
error.  Here,  however,  the  deposit  is  not  membranous,  but 
consists  simply  of  necrotic  epithelial  cells  superimposed  upon 
each  other.  There  is  nn  destruction  of  tissue,  and  upon  re- 
moval no  ulceration  remains.  In  the  same  way  an  aspcrgillus 
within  the  canal  may  be  mistaken  for  a  diphtheritic  inflam- 
mation, but  the  microscope  will  easily  reveal  the  true  charac- 
ter of  the  disease.  The  history  of  the  case  will  also  enable  a 
differentiation  to  be  made  between  the  various  conditions. 

The  presence  of  a  croupous  or  diphtheritic  deposit  in  the 
external  canal,  when  occurring  as  a  secondary  disease,  is  usu- 
ally no  serious  matter,  since  the  surface  presented  for  the 
absorption  of  the  toxine  of  the  diphtheria  bacillus  is  one 
through  which  this  takes  place  very  slowly  ordinarily.  In 
cases  where  the  diphtheritic  deposit  in  the  canal  is  but  a  sec- 
ondary feature  of  the  general  infection  the  outcome  depends 
upon  the  severity  of  (he  original  disease  without  reference  to 
the  local  manifestation  in  the  auditory  meatus.  Occasionally 
such  deposits  occur  primarily,  the  germ  gaining  access  to  the 
external  canal  in  some  unknown  way,  and  taking  root  there 
upon  an  abraded  surface  which  has  resulted  from  a  traumatic 
or  other  cause.  In  such  instances  only  very  slight  constitu- 
tional symptoms  are  apt  to  be  present,  and  the  danger  to  be 
feared  most  is  that  the  inflanitnation  of  the  external  canal  may 
extend  inward  and  involve  the  tympanum,  the  mucous  lining 
of  which  would  permit  general  infection  more  easily  than 
would  cutaneous  lining  o(  the  canal.  Croupous  deposits  arc 
of  trivial  importance  aside  from  the  local  pain  which  is  pres- 
ent, and  this  is  no  more  severe  than  in  simple  diffuse  inilam- 
mation. 

TreAtmenL — The  treatment  of  the  local  condition  consists 
in  the  thorough  and  frequent  cleansing  of  the  surface  involved 
to  prevent  the  membrane  from  spreading  by  contiguity  of 
structure,  thus  increasing  the  extent  of  Ihe  surface  through 
which  the  poison  may  enter  the  circulation.  A  diphtheritic 
membrane  in  any  situation  will  be  exfoliated  spontaneously  at 
the  end  of  from  three  to  eight  days.  If  removed  by  violence 
before  this  time,  blood  vessels  arc  opened,  and  the  raw  surface 


becomes  covered  very  quickly  by  a  new  deposit,  while  the 
laceration  of  the  vessels  rather  favors  the  absorption  of  the 
poison.  It  is  wise,  therefore,  to  contine  our  efforts  to  keeping 
the  parts  thoroughly  cleansed,  in  this  manner  diminishing  the 
activity  of  the  germ,  taking  care  that  our  efforts  are  not  so 
vigorous  as  to  excite  any  inflaininatory  reaction  on  the  sur- 
rounding parts.  To  effect  a  thorough  cleansing  of  the  canal 
we  may  resort  to  the  use  of  the  ear  syringe,  or.  perhajiS  bet- 
ter, the  fountain  syringe,  employing  a  solution  of  lime  water, 
which  is  allowed  to  flow  into  the  canal  for  from  five  to  ten 
minutes.  In  this  way  portions  of  the  deposit  already  necrotic 
are  removed,  and  a  certain  amount  of  solvent  action  is  exerted 
upon  the  transudation  which  is  still  firmly  attached  to  the 
parts  beneath.  Antiseptic  solutions  may  be  used  here,  the 
strength  uf  the  solution  being  somewhat  greater  than  that 
employed  for  ordinary  cleansing  purposes.  In  this  way  the 
deposit  is  rendered  inert,  while  at  the  same  time,  by  its  pres- 
ence, it  protects  the  surface  to  which  it  is  attached,  and  when 
it  exfoliates  spontaneously  the  denuded  surfaces  arc  protected 
by  the  presence  of  granulation  tissue,  which  offers  a  barrier 
to  local  infection. 

In  addition  to  irrigation,  ccruin  medicinal  preparations 
may  be  applied  to  the  deposit  by  means  of  the  cotton  applica- 
tor; of  these,  I  think  the  solution  of  ferric  sulphate  in  the  full 
strength  is  by  far  the  most  efficaeious.  This  causes  a  rapid 
necrosis  of  the  superficial  layers  of  the  pseudo  membrane, 
while  at  the  same  lime  it  exerts  no  irritating  actic)n,  even  if 
it  touches  parts  which  have  not  yet  become  affected.  This 
local  necrosis  inhibits  or  stops  completely  the  growth  of 
the  germ,  putting  an  end  both  to  its  toxic  effect  upon  the 
general  system  and  to  its  further  local  propagation.  A  croup- 
ous exudate  may  be  managed  in  exactly  the  same  manner,  its 
separation  being  more  easily  cITcctcd  than  one  of  a  true  diph- 
theritic character.  I  n  this  form,  alter  the  iron  solution  has  been 
applied,  it  is  often  possible  to  remove  a  considerable  portion 
of  the  deposit  by  means  of  the  forceps  without  indicting  any 
injury  upon  the  cutaneous  lining  of  the  canal.  The  adminis- 
tration of  constitutional  remedies  will  be  governed  by  the 
same  rules  which  apply  to  similar  dejjosits  located  in  the 
fauces.  Remembering  that  a  croupous  exudation  has  for  its 
predisposing  catisc  a  certain  blood  condition,  it  is  wise  to  ad- 
minister the  tincture  of  the  chloride  of  iron  in  large  doses. 
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with  the  hope  o(  cutting  short  the  attack.  In  the  same  man. 
ncr  a  diphtheritic  incmbrrinc  appearing  in  the  meatus,  if  ac- 
companied by  the  characteristic  constitiiliortal  symptoms  of 
septic  infection,  demands  the  free  use  of  stimulants  and  such 
drugs  as  may  be  believed  to  mitigate  the  aclioii  of  the  poison. 
The  various  local  complications  do  not  differ  from  those  al- 
ready mentioned  under  acute  externa)  otitis. 

H/EMOKRI£A<:iC   ExTfclRNAL  OTITIS. 

Under  this  term  Palitzer*has  described  a  disease  of  the 
external  auditory  meatus  characterized  by  the  presence  of 
vesicles  upon  the  walls  of  the  canal.  The  inferior  and  anterior 
walls  are  usually  the  seat  of  the  iiiaiiileslalion.  although  the 
other  walls  arc  occasiimally  affected.  These  vesicles  arc  filled 
with  a  bloody  fluid,  and  if  allowed  to  remain,  di.sappear  spon- 
taneously at  the  end  ol  a  lew  days,  their  site  bcinj;  marked  by 
an  excoriated  area. 

The  disease  may  occur  cither  as  a  primary  affection  or  as 
a  complication  of  an  acute  inflammatory  process  within  the 
tympanum.  The  constitutional  symptoms  are  very  well 
marked,  and  consist  of  intense  local  pain,  which  frequently 
assumes  a  neuralgic  characler,  spreading  over  the  entire  side 
of  the  head  ;  the  temperature  is  elevated  to  from  99"  to  102", 
And  there  is  a  marked  prostration;  occasionally  delirium  is 
present.  The  occurrence  o(  this  condition  in  the  severe  forms 
of  tympanic  inRammation  which  complicate  constitutional  dis- 
eases of  the  infectious  type,  particularly  epidemic  influenita, 
seems  to  show  that  the  condition  is  indicative  rather  of  a 
marked  general  infection  than  of  any  distinct  local  patho- 
logical process.  In  cases  where  we  meet  with  this  form  of 
external  otitis  as  an  idiopathic  discisc,  I  am  more  inclined  to 
consider  it  as  cither  a  tropho-neurosis  similar  in  many  re- 
spccls  to  herpes,  or,  if  the  deeper  layers  of  the  canal  are  in- 
volved, as  an  accidental  complication  of  a  simple  diffuse  otitis. 
The  latter  view  is  that  taken  by  Grubcr.f  and  this  seems  to  be 
entirely  tenable.  It  is  not  improbable  that  tlic  extravasation  of 
blood  cuts  short  the  inflammatory  [)r<icess  in  the  »amc  manner 
as  local  depletion  by  artificial  means,  when  the  above  measure 
is  employed  therapeutically  in  inflammation  of  the  canal. 


•LrilriJ.  derOhrcnhcilk.,  Slutlgnrt,  1S93.  p.  154, 
t  Uchrb.  (In  Obrcnhfiillc,  Vienna,  1888,  |>.  389. 
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Treatment. — The  primary  indication  for  treatment  is  to 
relieve  the  constitutional  symptoms,  the  local  condition  being 
unimportant  and  requiring  but  little  attention.  The  intense 
suffering  must  be  relieved  by  the  administration  ol  (rcc  doses 
of  morphine  hypodermically.  When  the  neurotic  sympioms 
are  well  marked  the  administration  ol  bromide  oi  sodium 
in  full  doses  will  do  much  to  render  the  patient  more  cum- 
furtablc.  Complete  rest  should  be  insisted  upon.  The  diet 
of  the  patient  should  consist  mostly  ol  fluids  (or  the  first 
twenty-iour  or  furty-eight  hours.  The  disturbance  o!  the 
nervous  system  frequently  brings  about  severe  constipation, 
which  in  turn  increases  the  severity  of  the  local  pain.  It  is 
well,  therefore,  early  in  the  affection  to  administer  calinnel  in 
small  repeated  doses  until  the  effect  upon  the  intestinal  canal 
is  obtained,  its  action  being  aided,  if  necessary,  by  a  saline 
cathartic.  Locally  very  little  need  be  done,  the  condition 
within  the  canal  being  kept  under  observation  tn  order  that 
any  tendency  toward  inflammation  of  the  middle  ear  may  be 
readily  recognized  and  proper  measures  instituted  to  check  it. 
H  the  vesicles  are  of  considerable  size  they  may  be  opened 
with  a  delicate  knife,  the  walls  of  the  vesicles  being  preserved 
as  much  as  possible  to  protect  the  denuded  areas  within  the 
canal.  In  case  of  spontaneous  rupture  the  site  of  the  vesicles 
may  be  lightly  dusted  with  zinc  o.'cide.  lycopodium,  bismuth, 
or  any  bland  powder  which  will  protect  them  until  they  are 
covered  by  normal  e|)ithelium.  Occasionally  these  vesicles 
are  located  upon  the  tympanic  membrane,  in  which  event  the 
pain  is  of  unusual  severity  and  the  constitutional  symptoms 
are  correspondingly  increased,  tn  such  cases  it  is  wise  to 
open  the  vesicles  as  soon  as  they  appear,  since  almost  immc* 
diate  relief  follows.  Care  should  be  taken  that  the  canal  is 
in  a  thoroughly  aseptic  condition  before  the  operation,  and 
the  operator  should  guard  against  introducing  the  knife  too 
deeply  for  fear  of  wounding  the  deeper  layers  of  the  drum 
membrane,  and  of  opening  into  the  tympanic  cavity.  The 
local  tenderness  renders  manipulation  difiFicult,  and,  unless 
the  head  is  firmly  held  by  an  assistant,  either  of  the  above 
accidents  is  liable  to  occur.  The  sensitiveness  of  the  region 
may  be  reduced  somewhat  by  filling  the  canal  with  a  ten-per- 
cent aqueous  solution  o(  cocaine  about  twenty  minutes  before 
the  operation  is  to  be  performed.  This  solution  must,  of 
course,  have  been  previously  sterilized  by  boiling. 
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CHAPTER  XIII. 


IMPACTED  CERUMEN. 


While  constituting  a  condition  which  differs  in  no  rcsvpect 
trom  that  present  when  any  foreign  body  is  present  in  ihc 
meatus,  this  disease  is  of  such  common  occurrence  that  it 
seems  wise  to  consider  it  under  a  separate  chapter. 

Etiology. — The  causes  which  lead  to  this  condition  de- 
pcnd  cither  upon  the  production  lA  an  increased  iimount  of 
the  normal  secretion  of  the  ccniminous  glands,  or  upon  an 
inlcrference  with  its  regular  discharge  trom  tlic  canal.  In 
health  cerumen  is  continually  formed  by  the  yiaiids  hmtid  in 
ihc  meatus,  and  is  discharged  from  the  canal  constantly,  but 
in  such  smalt  quantities  that  its  presence  is  uimoticed.  Any 
obstructive  condition  interlering  with  this  process  k'.'ids  to 
an  accumulation  of  the  secretion  within  the  meatus,  and  if  it 
exists  for  a  long  period  of  time  a  considerable  mass  will  ac 
cumulate,  varying  in  size  and  density  according  to  Ihc  activity 
of  the  secretory  process  and  the  length  ol  lime  that  the  ob- 
struction has  existed.  The  conveyance  of  the  product  along 
llie  meatus  is  cfTcctcd  principally  by  the  action  ol  the  jaws 
during  mastication  and  speaking.  With  every  motion  at  the 
intermaxillary  articulation  the  anterior  and  inferior  walls  uf 
(he  cnnal  arc  moved,  on  account  of  the  intimatv  relation  be- 
tween  the  tragus  and  the  capsular  ligament  of  the  articulation, 
This  motion,  when  the  canal  is  of  normal  size  and  shape,  acts 
in  such  a  manner  that  anv  foreign  body  witliin  the  fibrous 
meatus  is  moved  constantly  toward  its  orifice.  H  the  canal 
presents  certains  anomalies  in  curvature  or  if  the  orihcc  is 
very  narrow,  the  force  may  have  exactly  the  reverse  effect, 
and  an}'  body  lying  within  the  passage  may  be  carried  in  the 
opfwsitc  direction — that  is,  deeper  and  deeper  into  the  canal 
toward  the  drum  membrane.  If  a  small  mass  of  cerumen 
collects  in  the  canal  its  mere  presence  causes  an  increased 
amount  ol  secretion  from  the  glands  lying  in  the  immediate 
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vicinity,  while,  at  the  same  time,  it  acts  as  an  obstruction  to 
the  outward  passage  of  the  product  of  the  glands  lying  deeper 
within  the  channel. 

Although  the  causes  staled  are  those  most  frequently 
operative  in  the  production  of  the  imp3Ctionofccrumcn.it 
must  be  remembered  that  the  secretory  power  of  any  gland 
may  be  modified  by  interference  with  its  nerve  supply.  Under 
certain  conditions  wc  arc  warranted  in  considering  that  the 
disease  is  of  a  tropho-ncurotic  character.  It  is  certain  that 
the  opposite  condition,  or  one  in  which  the  cerumen  is  dimin- 
ished in  quantity  is  frequently  encountered  in  proliferous  in- 
flammation of  the  middle  ear.  Frcliferous  otitis  media  fre- 
quently depends  upon  some  perversion  of  the  trophic  nerve 
supply,  and  we  are  warranted  in  assuming  that  an  increased 
amount  of  cerumen  may  occasionally  occur  from  tropho- 
neurotic causes. 

Pathology. — Upon  removal  of  these  masses  from  the  mea- 
tus they  are  found  to  contain  not  only  the  oily  substance  which 
is  normally  secreted  by  the  parts,  but  also  certain  vegetable 
spores,  the  presence  of  which  is  purely  accidental.  The  mass 
is  occasionally  covered  by  desquamated  epithelium,  while  not 
infrequently  we  find  in  the  centre  a  foreign  body  which  has 
found  its  way  into  the  meatus  at  some  time  and  has  formed 
a  nucleus,  about  which  the  normal  secretion  has  collected. 

This  description  applies  to  the  simple  cases  of  impacted 
cerumen.  When,  however,  the  masses  attain  considerable 
size  the  pathological  process  is  more  complex,  and  there  is 
in  addition  a  chronic  desquamative  inflammation  of  the  deep 
canal  dependent  upon  the  presence  of  the  foreign  body. 
For  the  same  reason  the  glands  are  probably  stimulated  to 
increased  activity.  As  long  as  the  mass  consists  of  cerumen 
only,  no  considerable  changes  are  wrought  upon  the  bony 
walls  of  the  passage;  when  added  to  this,  however,  an  inflam- 
mation of  the  desquamative  type  is  set  up  by  the  presence  of 
this  foreign  body,  the  osseous  walls  may  be  partially  de- 
stroyed or  the  deep  part  of  the  canal  may  be  enormously 
dilated.  This  is  especially  prone  to  take  place  in  the  region 
of  the  posterior  wall,  and  the  pneumatic  spaces  of  the  mastoid 
arc  obliterated.  In  some  instances  a  chronic  osteitis  is  devel- 
oped by  the  pressure,  and  the  mastoid  cells  not  only  disap- 
pear, but  the  entire  process  becomes  sclerosed  and  of  ivory- 
tike  hardness.    The  membrana  tympani  may  be  perforated  by 
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the  pressure,  and  the  removal  of  the  mass  may  then  reveal 
eitensive  pathological  changes  within  the  middle  ear. 

Symptoma-tology. — The  symptoms  dependent  upon  the 
condition  vary  with  the  size  of  the  mass,  with  its  location,  and 
with  the  amount  of  secondary  inflammation  which  its  presence 
has  excited.  The  lumen  of  the  meatus  may  be  encroached 
upon  to  a  considerable  extent  without  any  noticeable  impair. 
ment  of  the  auditory  function,  or  without  the  appearance  of 
any  subjective  symptoms,  such  as  tinnitus,  autophony,  or  a 
(eeling  as  if  the  canal  were  stopped.  On  the  other  hand,  a 
very  small  mass  may  be  so  situated  as  to  give  rise  to  promi- 
nent symptoms.  If  it  is  in  such  a  position  that  the  membrana 
tympani  is  pressed  upon,  the  subjective  symptoms  are  apt  to 
occur  early,  and  the  function  of  the  organ  may  be  appreci- 
ably  interfered  with,  even  though  the  mass  be  small.  Again, 
a  large  collection  of  cerumen  may  lie  in  the  cartilaginous 
meatus  and  almost  completely  occlude  its  lumen  without 
causing  any  symptoms  referable  to  the  car.  Frequently  the 
first  intimation  of  any  trouble  will  be  the  occurrence  of  sud- 
den impairment  of  hearing  following  a  plunge  bath,  when, 
on  coming  out  of  the  water,  the  ear  feels  "  stuffy  "  and  full. 
These  sensations  are  at  first  attributed  to  the  presence  of 
water  in  the  canal.  The  cSorts  ol  the  patient  to  remove 
this  failing  to  relieve  the  discomfort,  he  seeks  advice,  and  an 
examin-itiiin  reveals  the  presence  ol  a  mass  which,  from  its 
size,  must  have  been  in  the  canal  for  a  considerable  period 
of  time.  The  sudden  access  of  the  symptoms  is  due  to  the 
displacement  of  the  plug  by  the  water  which  has  entered 
the  meatus,  causing  it  to  assume  a  position  where  it  com- 
piclcly  obstructs  the  passage.  In  other  cases  the  patient  be- 
comes conscious  that  the  power  of  hearing  is  gradually  but 
constantly  diminishing;  coexistent  with  this  impairment  of 
function  subjective  noises  make  their  appearance,  at  first 
causing  but  little  annoyance,  but  subsequently  becoming  so 
loud  and  persistent  as  to  cause  him  to  seek  relief.  VVhere 
the  occlusion  is  marked  the  patient  often  complains  of  au- 
tophony,  hearing  his  own  voice  as  if  it  came  from  within 
the  head.  This  symptom  is  particularly  marked  where  the 
affection  is  confined  to  one  side.  Occasionally  the  mass  may 
give  rise  to  a  severe  neuralgia,  not  confmed  to  the  ear  alone, 
but  spreading  over  the  temporal  and  supra-orbital  regions, 
and  sometimes  involving  the  entire  trigeminal  distribution. 
S9 
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Sometimes  this  affection  of  the  sensory  nerves  produces  a 
feeling  nut  so  much  of  pain  as  of  numbness,  involving  the 
aural  region  or  the  entire  side  of  the  face. 

One  of  the  most  common  reflex  disturbances  is  cough. 
So  common  is  this  that  examination  of  the  car  is  essential  io 
the  investigation  of  every  case  when  complaint  is  made  of 
this  symptom  alone.  This  cough  is  spasmodic  in  character, 
and  from  its  severity  may  induce  so  much  congestion  of 
the  larynx  as  to  mislead  the  physician  into  believing  that 
the  laryngeal  condition  is  the  cause  rather  than  the  effect  of 
the  symptom. 

Not  only  is  the  audit<jry  function  perverted  or  impaired, 
but  also  the  mental  condition  of  the  patient  may  be  disturbed. 
The  patient  graduatlv  finds  that  he  is  unable  to  concentrate 
hiii  thoughts  upon  any  one  particular  subject,  and  ihut  all 
mental  processes  arc  slow.  The  condition  may  become  so 
marked  as  entirely  to  unfit  him  for  any  occupation  requiring 
the  exercise  of  his  mental  faculties.  This  disturbance  is  de- 
pendent entirely  upon  rcHex  action,  and  not  upon  the  impair 
ment  of  the  hearing.  Attention  is  particularly  drawn  lo  it 
from  the  fact  that  parents  are  often  inclined  to  consider  chil- 
dren inattentive  wlien  they  are  really  suffering  from  a  reflex 
disturbance  depemlent  upon  some  pathological  process  within 
the  car.  In  these  cases,  unless  attention  is  particularlv  directed 
to  this  organ  by  an  impairment  of  hearing,  serious  errors  arc 
liable  to  occur. 

Under  this  same  head  we  must  remember  that  interfer- 
ence with  the  function  of  the  ear  of  the  opposite  side  may 
result  from  the  presence  of  a  foreign  body  within  Ihc  meatus. 
While  this  phenomenon  is  rarely  prominent,  every  one  who 
has  carefully  tested  the  hearing  in  both  ears,  in  cases  where 
the  canal  of  one  side  has  been  occluded  by  a  foreign  body, 
must  have  noticed  that  we  seldom  find  the  car  on  the  unaf- 
fected side  nurmal,  although  the  p.atient  may  be  conscious 
of  no  impairment,  and  if  questioned  will  usually  reply  that 
the  other  ear  is  perfectly  sound.  When  we  remember  the  in- 
fluence  which  a  sounding  body  held  before  one  car  has  upon 
the  sensitiveness  of  the  organ  of  the  opposite  side,  it  is  not 
strange  that  an  occlusion  of  the  external  canal  upon  one  side 
may  seriously  interfere  with  the  hearing  power  of  the  oppo- 
site car. 

So  far  wc  have  considered  simply  reflex  disturbances  of  a 
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sensory  nature:  many  cases  have  been  reported,  however,  in 

which  epileptiform  seizures  have  resulted  from  the  presence 
cither  of  impacted  cerumen  or  of  some  other  foreign  body 
within  the  external  auditory  meatus,  the  attacks  being  entirely 
relieved  upon  its  removal.  Dizziness  may  occur  from  the 
direct  pressure  of  the  impacted  cerumen  upon  the  drum 
membrane,  by  which  the  attached  ossicular  chain  is  crowded 
inward,  increasing  labyrinthine  pressure ;  it  may  result  also 
from  reflex  disturbances  due  to  circulatory  changes  within 
the  semicircular  canals  or  the  intracranial  centres. 

When  the  impaction  takes  place  in  an  ear  which  has  pre- 
viously been  the  seat  of  purulent  inflammation,  in  addition  to 
the  symptoms  already  described,  serious  consequences  may 
result  from  the  obstruction  to  the  free  outflow  of  discharge. 
This  is  particularly  apt  to  occur  in  cases  of  chronic  purulent 
otitis  media  of  long  duration,  where  the  discharge  is  small  in 
quantity  as  a  rule,  but  may  be  suddenly  increased  in  amount 
from  exposure  to  cold  or  some  other  cause.  In  these  cases, 
the  scant  discharge,  mixed  with  the  normal  cerumen,  dries  in 
the  canal  and  forms  crusts,  sometimes  of  almost  stony  hard- 
ness, which  prevent  the  exit  o!  any  fluid  which  may  be 
formed  within  the  middle  ear  during  an  acute  inflammation 
of  the  parts.  It  is  possible  here  for  the  pent-up  secretion  to 
find  entrance  into  the  cranial  cavity,  and  cause  death  by  in- 
-volving  the  intracranial  structures. 

Diagnosis.— It  is  impossible  to  make  a  diagnosis  upon 
rational  symptoms  alone,  but  objective  examination  at  once 
reveals  the  condition.  Uptfn  inspecting  the  parts,  occlusion 
of  the  canal  is  at  once  evident,  and  the  determination  of  the 
exact  nature  of  the  mass  before  removal  is  of  no  importance. 
Attention,  however,  should  be  given  to  one  point  in  the  ex- 
amin-ition  of  these  cases:  it  is  the  presence  on  the  postero* 
superior  wall  of  the  canal  of  a  mass  consisting  apparently  of 
cerumen,  which  extends  along  this  aspect  of  the  meatus  in- 
ward over  the  drum  membrane,  entirely  or  partially  covering 
it.  This  appearance  is  almost  always  indicative  of  a  pre- 
ceding suppurative  process  within  the  tympanum,  the  foreign 
body  being  really  inspissated  secretion,  mixed  \vith  a  certain 
amount  of  normal  cerumen.  Dcforc  removing  this,  the  patient 
should  always  be  warned  that  the  ear  may  discharge  after 
the  mass  lias  been  removed.  The  subsequent  otorrhiea  does 
not  depend  upon  the  removal  of  the  mass,  but  upon  a  pre* 
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viously  existing  intratympanic  suppuration.  !f  not  warned 
beforehand  the  patient  may  scarcely  understand  this.  Where 
the  meatus  is  entirely  occlmicd,  and  a  view  of  the  deeper 
parts  is  impossible,  this  condition  may  be  present,  and  it  is 

often  wise  for  the  surgeon  to 
protect  himself  even  here,  al- 
though it  is  not  of  as  great  im- 
portance as  when  the  mass  oc- 
cupies the  situation  above 
scribed. 

Projrnosis.— The  presence 
a  inas5  of  cc-nimen  in  the  exter- 
nal auditory  meatus  does  not  of 
itself  constitute  a  menace  to  life, 
nor  does  it  prevent  a  complete 
restoration  of  the  auditory  func- 
tion after  the  removal  ol  the  for- 
cign  body.  The  serious  const, 
qucnces  which  occasionally  foU 
low  the  presence  of  these  masses 
is  due  to  secondary  pathologi- 
cal changes  which  they  excite, 
cither  by  causing  hyperemia  and  subsequently  inflamma- 
tion, as  the  result  ol  their  pressure,  or  by  setting  up  an  in- 
flammatory process  of  desquamative  type  in  the  external 
auditory  meatus,  with  a  resultant  absorption  of  the  surround- 
ing bony  walls  or  a  perforation  of  the  membrana  tympani. 
When  the  affected  ear  is  the  seal  of  a  chronic  purulent  otitis 
media,  the  presence  of  any  foreign  matter  within  the  canal 
which  may  prevent  the  free  discharge  of  pus  from  the  middle 
ear  renders  the  patient  liable  to  all  the  serious  consc(|ucnce.s 
which  may  follow  pus  retention  in  any  other  part  of  the 
body.  It  seems  curious  that  a  mass  of  cerumen  can  offer 
sulTicient  resistance  to  pent-up  secretions  to  cause  them  to 
seelc  an  exit  through  the  cells  ol  the  mastoid  process,  or  to 
discharge  into  the  cranial  cavity,  rather  than  to  force  their 
way  past  the  obstruction  in  the  external  auditory  meatus. 
The  fact,  however,  remains  that  a  mass  of  cerumen,  lodged  in 
the  meatus  for  a  considerable  time,  will  obstruct  this  passage 
so  completely  that  no  discharge  can  escape.  The  osseous 
walls  of  the  mastoid  cells  yield  more  easily  to  the  pressure  of 
pent-up  secretions  than  does  this  mass  of  fatty  matter.    Again, 
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in  these  cases  the  mere  presence  ol  this  collection  within  the 
meatus  excites  a  certain  amount  of  chronic  inflammation  of 
the  epidermis  lining  the  canal,  this  inRammation  being  usu- 
ally of  the  desquamative  type.  The  slight  amount  of  dis. 
charge  from  the  tympanic  cavity  mixing  with  these  desqua. 
mated  epithelial  cells  forms  a  mass  which  is  exceedingly  firm, 
and  which,  increasing  gradually  in  size,  is  capable  of  causing 
absorption  of  the  osseous  walls.  The  extent  to  which  this 
may  progress  is  unlimited,  and  even  the  cranial  cavity  may 
be  invaded  and  a  purulent  infection  of  its  contents  may  re- 
suil.  In  cases  where  the  tympanic  membrane  remains  intact, 
the  pressure  of  the  mass  may  force  this  structure  inward 
against  the  bony  tympanic  wall,  and  by  pressure  cause  an 
atrophy  nf  the  fibrous  layer  of  the  membrane.  At  the  same 
time  the  desquamative  inflammation  excited  by  the  plug  of 
cerumen  involves  the  superficial  layer  of  the  drum  membrane 
as  well  as  the  canal  walls.  The  epithelial  cells  which  have 
been  cast  oR  may  adhere  so  firmly  to  the  atrophic  membrana 
tympani  that  upon  removal  of  the  foreign  body  this  delicate 
septum  may  be  ruptured  in  spile  of  the  greatest  care.  Even 
if  the  membrane  is  ruptured,  complete  restoration  of  func- 
tion may  take  place,  although  the  accident  adds  a  certain 
:imount  of  gravity  to  the  condilion.  It  is  always  well,  there- 
fore, for  the  surgeon  to  protect  himself  by  giving  a  guarded 
prognosis  in  any  case  of  ceruminous  impaction  in  the  canal, 
in  which  the  mass  seems  to  be  of  considerable  firmness,  and 
when  there  is  evidence  that  it  has  existed  for  a  long  time. 
The  effect  upon  the  opposite  car  should  always  be  borne  in 
mind,  and  a  careful  test  of  the  hearing  power  upon  both  sides 
should  be  made  before  and  after  removal.  If  the  accumula. 
lion  is  recent,  complete  restoration  of  the  normal  hearing 
povrer  may  be  confidently  expected.  If,  however,  we  have 
reason  to  believe  that  Ihc  canal  has  been  obstructed  for  sev- 
eral years,  it  is'  probable  that  the  hearing  will  not  be  perfect 
even  after  the  foreign  body  has  been  removed.  Moreover, 
since  complete  occlusion  of  the  meatus  makes  it  impossible 
for  the  observer  to  inspect  the  condition  of  the  deeper  parts, 
an  absolute  opinion  should  be  given  only  after  the  obstruction 
has  been  thoroughly  cleared  away  and  the  fundus  of  the  canal 
exposed  to  view. 

These  masses  within  the  meatus  exert  considerable  prcs- 
sure  upon  the  surrounding  walls,  and  their  su<ldcn  removal 
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often  causes  a  transitory  hypencmia  of  the  parts,  which  par- 
ticularly  predisposes  to  the  development  of  a  circumscribed 
inflammation,  and  the  appearance  of  a  furuncle  following 
the  operation  is  by  no  means  of  rare  occurrence.  In  other 
instances,  this  sudden  increase  in  blood  pressure  causes  a 
rupture  of  the  superficial  vessels,  developing  a  blood  bicb 
upon  the  walls  of  the  mea.tus,  usua.lly  upon  the  inferior  vail, 
close  to  the  mcmbrana.  This  may  attain  such  a  size  as  to 
obstruct  the  canal  considerably,  while  its  color  so  nearly  re- 
sembles that  of  the  ceruminous  deposit  as  to  be  mistaken  for 
il.  The  operator  is  liable  to  inflict  considerable  violence  up<in 
the  patient  before  the  mistake  is  discovered,  unless  he  bears 
the  possibility  of  this  occurrence  in  mind. 

In  one  Instance  coming  under  the  observation  of  the 
author  thit;  sudden  removal  of  support  to  the  blotid  vessels 
waslollowedby  a  serous  transudation  into  the  tympanum.  The 
amount  of  fluid  effused  was  so  great  as  to  cause  intense  pain 
Jrom  pressure  upon  the  mcmbrana  tympani.  A  free  incision 
through  the  mcmbrana  gave  exit  to  the  tluid,  and  was  fol- 
lowed instantly  by  relief. 

Treatment.— The  first  indication  in  a  case  of  this  char- 
acter is  to  remove  the  mass,  and  it  can  not  be  too  strongly 
insisted  upon  that  when  an  effort  in  remove  such  an  accumu- 
lation from  the  external  auditory  canal  has  been  instituted,  it 
should  not  be  discontinued  until  the  canal  has  been  completely 
cleared. 

An  exceedingly  pernicious  habit  is  practiced,  not  only  by 
physicians  without  special  training  but  by  many  otologists 
as  well,  of  ordering  these  patients  to  instil  a  few  drops  of  an 
alkaline  solution  into  the  ear  at  regular  intervals  for  the  pur- 
pose of  softening  the  mass  of  cerumen,  to  render  removal 
more  easy  at  a  subsequent  period.  As  we  know  nothing  of 
the  conditions  of  the  deeper  parts,  it  seems  strange  that  this 
method  of  procedure  has  ever  been  countenanced.  The 
symptoms  caused  by  the  obstruction  may  be  so  indefinite 
that  almost  any  condition  may  coexist,  and  to  allow  the 
patient  to  pass  from  observation  without  determining  defi- 
nitely the  presence  of  any  coexisting  pathological  condition 
within  the  tympanum  is  certainly  unwise.  Another  rea5on 
for  condemning  this  plan  lies  in  the  fact  that  these  masses 
may  consist  largely  of  dry  epithelial  cells,  and  the  absorptioa 
of  moisture  will  considerably  increase  their  volume.     In  this 
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manner  great  pressure  will  be  exerted  upon  the  walls  of  the 
meatus,  causing  inicnsc  suffering  to  the  patient,  and  frequently 
leading  to  a  circumscribed  external  otitis. 

The  cardinal  rule,  therefore,  should  always  be  to  remove 
the  collection  at  the  first  sitting.  The  instrument  which  is 
best  adapted  for  this  purpose  is  the  ordinary  car  syringe  (Fig. 
82).  In  a  large  majority  of  cases  thoroughly  syringing  the  ear 
will  remove  such  a  collection  in  a  few  moments.  The  solution 
to  be  used  is  a  matter  of  considerable  importance,  for.  as  the 
condition  of  the  deeper  parts  rs  unknown,  the  fluid  should  be 
of  such  a  character  thai  its  entrance  into  the  tympanic  cavity. 
through  the  accidental  rupture  of  the  drum  membrane  or 
through  a  previously  existing  perforation,  would  be  followed 
by  no  serious  consequences.  The  syringe,  therefore,  roust  be 
perfectly  aseptic,  and  the  solution  used  should  possess  anti- 
septic properties.  A  solution  of  the  bichloride  of  mercury — 
I  to  5,000  or  I  to  8,000 — is  the  one  which  I  prefer.  The  fluid 
should  be  used  at  a  lukewarm  temperature,  the  sensations  of 
the  {Kitient  being  the  guide  to  the  exact  temperature  to  be 
employed.  Since  the  removal  of  the  obstruction  in  this  man- 
ner depends  upon  the  passage  of  a  stream  of  water  between 
it  and  ilie  canal  wall,  and  llic  gradual  crowding  outward  of 
the  mass  by  this  current,  the  stream  should  be  directed 
where  the  greatest  space  exists  between  the  foreign  body  and 
the  canal  wall.  Naturally,  if  the  current  impinges  directly 
upon  the  centre  of  the  obstruction,  this  will  be  driven  inward 
rather  than  outward.  If.  on  inspection,  we  find  that  the  fn- 
pissatcd  secretion  is  firmly  attached  on  all  sides  to  the  walls 
f  the  passage,  it  is  frequently  advisable  to  begin  the  process 
y  removing  a  small  portion  of  the  mass  close  to  the  canal 
wall  with  a  blunt  curette,  in  order  that  the  stream  may  bfc 
able  to  pass  the  obstruction.  The  force  to  be  used  in  the 
procedure  is  best  guided  by  the  sensations  of  the  patient;  the 
syringing  should  never  be  painful,  although  in  certain  in. 
stances  the  mere  entrance  of  the  stream  of  water  will  cause 
considerable  dizziness.  It  is  well  to  begin  by  using  very  little 
force,  gradually  increasing  it  as  may  be  necessary.  If  we 
were  certain  that  the  drum  membrane  were  in  its  normal  con- 
dition it  would  be  almost  impossible  to  rupture  it  by  the  use 
of  the  ordinary  ear  syringe.  As  it  may  be  atrophic,  however, 
care  should  be  taken  that  no  undue  violence  is  employed  in 
our  efforts  at  removal.     Where  inspection  reveals  the  canal 
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completely  stopped  by  the  mass,  and  the  use  of  the  curette  in 
the  manner  already  described  seems  inadvisable,  the  plan 
usually  followed  is  to  direct  the  syringe  so  that  the  stream  of 
water  will  impinge  first  upon  the  superior  wall  of  the  canal, 
next  the  posterior,  then  the  inferior,  and  last  upon  the  ante- 
rior wall.  If  the  circumference  of  the  canal  is  followed  in  this 
order,  the  instances  will  be  rare  in  which  the  plug'  will  not 
be  rapidly  displaced,  the  water  at  some  particular  point  gain, 
ing  entrance  between  the  wall  and  the  obstructing  body,  and 
rapidly  forcing  it  outward  with  each  successive  discharge  ol 
the  syringe.  We  occasionally  meet  with  cases  which  resist 
all  eflorts  at  removal  in  this  manner;  in  such  an  event  the 
blunt  curette  must  be  used,  and  the  colltAnion  removed  piece- 
meal. Here  it  should  be  borne  in  mind  that  the  upper  and 
posterior  portion  of  the  drum  membrane  is  nearer  the  ojiera. 
tor  than  the  lower  and  anterior  portion;  it  is  unsafe,  there- 
fore, to  undermine  the  deposit  by  following  the  anterior  wall 
of  the  canal  and  then  attempt  its  removal  by  crowding  the 
curette  upward  against  the  remaining  portion,  endeavoring 
to  displace  it  by  traction  outward.  U  the  drum  membrane  is 
sunken.  pr::ssure  will  be  brought  directly  against  this  struc- 
ture and  much  suffering  will  certainly  follow,  and  in  many 
instances  it  will  be  ruptured.     It  is  wiser,  therefore,  to  follow 

the  posterior  wall  of  the 
canal  inward,  effecting 
removal  o(  the  mass  by 
pressing  the  curette  down- 
ward and  forward  toward 
the  anterior  wall,  at  the 
same  time  employing  trac- 
tion outward,  removing 
in  this  way  so  much  of  the 
mass  as  lies  between  the 
curette  and  the  opposite 
canal  wall.  After  the 
drum  membrane  has  been 
once  brought  into  view, 
the  remaining  fragments 
may  be  displaced  either 
by  the  syringe  or  by  the  use  of  the  curette,  following  any 
particular  maTiipulation  that  may  seem  adapted  to  the  de- 
mands of  the  individual  case ;  but  until  this  structure  is  seen. 


Fic  go-^Melhort  of  redKning  cerumeii  with 
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the  ptan  above  laid  down  is  the  one  which  sliould  be  followed. 
Where  the  canal  is  exceedingly  sensitive  wc  may  vary  the  ma- 
nipulation hy  removinfj  the  oentml  portiivns  of  tlic  mass  first,  a 
thin  layer  of  cenimen  being  left  on  all  sides  closely  .idherciil  lo 
the  walls  of  the  meatus;  this  tubular  remnant  is  then  broken 
down  by  introducing  the  curette  into  the  channel  thus  prepared, 
when,  by  pressing  the  instrument  toward  (he  wall  of  the  mea- 
tus, the  included  fragnieiil  may  be  extracted.  Sometimes  it  is 
difficult  to  tunnel  into  the  centre  of  a  mass  of  cerumen  on  ac- 
count of  the  extreme  sensitiveness  of  the  canal.  This  is  particu- 
larly true  of  cases  in  which  unsuccessful  attempts  have  been 
made  10  remove  the  cerumen  before  the  case  comes  into  the 
hands  of  the  otologist.  !n  these  cases  the  canal  is  frequently 
swollen  and  its  lumen  so  narrowed  tlmt  all  manipulation  is  diffi- 
cult, while  the  wallas  arc  so  cxtpiisitely  sensitive  to  pressure 
that  any  attempt  to  timmrl  into  the  mass  causes  the  patient 
severe  pain.  In  some  of  these  cases  the  application  of  peroxide 
of  hydrogen  lo  the  centre  of  the  mass  by  means  of  a  cotton- 
tipped  ajiplicator  has  so  softened  the  cerumeuous  plug  as  to 
admit  of  its  easy  removal,  either  with  the  curette,  the  cotton- 
tippcil  probe,  nr  the  syringe.  If  the  operator  should  be  so  un- 
fortunate as  to  niplure  the  membrana  tynipani.  the  first  care 
should  be  thoroughly  to  cleanse  the  entire  field  by  means  of 
an  antiseptic  solution,  and  thus  reduce  to  a  minimum  the 
chances  of  infection  of  the  tympanum. 

A  rather  curious  condition  which  was  observed  in  one  of 
my  ca.<;es  was  the  sudden  effusion  of  a  large  (piaiitity  of  senim 
into  the  mitldle  ear  following  the  removal  of  a  mass  of  impacted 
cerumen  which  had  lain  in  the  canal  for  many  years.  The  only 
explanation  that  could  be  nfTered  in  this  case  was  that  the  blood 
vessels  of  the  lympaimm  had  been  so  compressed  by  the  ac- 
cumulation within  the  canal  that  they  had  lost  their  tone.  The 
rcmowl  of  the  mass  subjected  them  (juite  suddcidy  to  the  pres- 
sure of  the  blood  current,  and  rcsulie<t  in  a  rapid  transudation 
of  the  fluid  elements  of  the  blood;  in  this  case  a  minute  rupture 
of  the  atrophic  drum  memf)rnne  occurred.  A  few  hours  after 
the  operation  the  patient  was  suffering  intense  pain;  the  middle 
ear  was  full  of  a  sero-sanguinnlent  fluid,  which  passed  out  as 
rapidly  as  possil>Ie  into  the  canal  through  the  small  perforation 
which  had  been  made.  Feeling  con(i<ient  that  no  inlfammatory 
condition  could  be  present  in  so  short  a  time,  as  .strict  antiseptic 
precautions  ha<t  fieen  taken  throughout  the  entire  procedure, 
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the  pain  was  attributed  simply  to  the  pressure  of  the  fluid  within 
the  tympanum.  A  long  incision  dose  to  the  posterior  attach- 
ment of  the  membrana  tympani  to  the  tympanic  ring  evacuated 
the  fluid,  the  knife  dividing  the  mucous  membrane  upon  the 
intenial  tympanic  wall  at  the  same  time  that  the  section  of  the 
drum  membrane  was  effected.  Relief  was  immediate,  and  in 
thirty-six  hours  the  opening  had  closed  completely,  the  patient 
regaining  perfect  hearing  at  the  end  of  ten  days. 

After  a  large  mass  of  cerumen  has  been  removed,  it  is  well 
to  insert  a  pledget  of  cotton  into  the  meatus,  directing  the  pa- 
tient to  remove  it  upon  retiring  for  the  night,  after  which  it 
need  not  be  replaced.  Since  these  masses  ordinarily  contain  a 
certain  number  of  parasitic  vegetable  organisms,  the  patient 
should  be  seen  once  or  twice  subsequently  to  guard  against  the 
development  of  these  parasitic  growths.  It  is  advisable  during 
the  interval  between  the  visits  that  an  alcoholic  solution  either 
of  boric  acid,  in  the  proportion  of  forty  grains  to  the  ounce, 
or  of  salicylic  acid,  ten  grains  to  the  ounce,  should  be  instilled 
into  the  canal  twice  daily;  this  will  effectually  destroy  any  vege- 
table spores  which  may  remain,  and  render  a  reaccumulation 
less  liable  to  occur.  This  plan  of  treatment  is  also  indicated, 
since,  in  removing  the  mass,  it  is  not  unusual  that  small  areas 
may  be  abraded  and  render  the  occurrence  of  an  acute  circum- 
scribed external  otitis  probable.  No  case  should  be  considered 
thoroughly  cured  until  the  entire  cutaneous  Hning  of  the  mea- 
tus is  perfectly  normal. 


CHAPTER   XIV. 


FOREIGN   BODIES  IN   THE  CANAL. 

iEtiology. — Wc  have  already  described,  under  Impacted 
Cerumen,  ihc  various  symptoms  whJth  may  arise  from  the 
presence  ol  any  foreign  substance  within  the  external  audi- 
tory en  nal,  but  here  the  presence  of  the  foreign  body  in  the 
canal  is  due  to  natural  causes.  The  symptoms  nccasinncd  by 
A  foreign  body  in  the  external  auditory  canal,  which  has 
cither  developed  there  spontaneously  or  has  obtained  lodg- 
ment there  by  accident  or  design,  arc  exactly  similar.  Wc 
shall  therefore  omit  a  repetition  of  the  sympiomatolog-y,  and 
Conine  ourselves  to  the  consideration  of  ihe  nature  of  the 
substances  which  are  met  with  in  this  locality,  and  the  meas- 
ures which  may  be  necessary  to  effect  their  removal. 

Pathology.— These  foreign  substances  may  be  divided 
into  two  great  classes:  the  inorganic  and  organic.  The  inor- 
ganic substances  which  have  been  removed  Irom  the  external 
meatus  arc  almost  infinite  in  number.  Children  seem  to  take 
special  delight  in  introducing  into  the  meatus  any  article 
which  can  be  made  to  enter  it.  Thus  we  frequently  find 
buttons,  glass  beads,  pebbles,  sand,  broken  glass— in  fact, 
anything  which  chance  mny  throw  in  their  way — introduced 
into  this  pass.ige.  A  pernicious  habit,  frequently  adopted, 
is  the  introduction  of  cotton  into  the  ears  of  a  child  when 
it  is  taken  out  of  doors  on  a  cold  day ;  the  mother  often 
neglects  to  remove  this,  and  the  child  may  subsequently 
crowd  it  deeply  into  the  meatus  in  its  cfTorts  to  dislodge  it. 
(n  this  situation  it  may  remain,  often  for  many  years,  and  it  is 
not  uncommon  in  dispensary  practice  Id  find  a  small  plug  of 
cotton  forming  the  nucleus  of  a  mass  of  impacted  cerumen, 
the  patient  being  unable  to  state  when  ihe  foreign  substance 
was  introduced. 

Among  the  organic  substances  found  arc  apple  seeds, 
watermelon  seeds,  cherry  pits,  the  shells  of  edible  nuts,  small 
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pieces  of  straw  which  have  been  used  by  the  patient  to 
scratch  the  ear,  or  minute  splinters  of  wood  which  may  have 
been  broken  of}  in  the  canal  during  a  similar  eSon  on  the 
part  of  the  patient.  Occasionally  the  body  of  a  dead  insect 
is  found,  the  insect  having  gained  entrance  to  the  meatus 
accidcnLally.  and,  being  unable  to  escape,  has  remained  there 
until  removed  by  artiBcial  measures.  A  living  insect  usually 
causes  such  marked  symptoms  by  its  presence  in  the  canal 
that  immediate  efforts  are  insliluted  for  its  removal.  When 
leeches  are  carelessly  applied  to  the  region  of  the  ear — the 
meatus  beinp  allowed  to  remain  open  during  the  operation— 
the  animal  may  detach  itself  from  the  point  of  application, 
and,  making  its  way  into  the  meatus,  may  attach  itself  to  the 
drum  membrane  and  cause  intense  suSering.  Sometimes  the 
eggs  of  the  common  house-fly  are  deposited  in  the  canal  and 
subseciucntty  become  developed  into  living  insects,  constitu- 
ting a  condition  distressing  to  the  patient  and  disgusting  to 
the  observer. 

Symptomatology- — Very  little  need  be  snid  about  the 
symptoms  produced  by  a  foreign  body,  as  wc  have  already 
discussed  the  subject  thoroughly  under  Impacted  Cerumen. 

That  a.  foreign  substance  may  lie  in  the  meatus  f<ir  a  num- 
ber of  years  without  giving  rise  to  any  symptoms,  and  then 
suddenly  make  its  presence  felt  by  manifestations  of  unusual 
severity  at  first,  appears  strange;  yet  this  is  easily  under- 
stood, if  we  consider  that  an  irregularly  shaped  l>ody  may, 
in  this  locality,  exert  no  pressure  on  the  surrounding  walls, 
but  if  suddenly  displaced  ever  so  little  may  impinge  upon 
delicate  and  sensitive  parts-  Any  foreign  substance  which 
increases  in  volume  by  the  absorption  of  moisture  is  partica- 
larly  liable  to  produce  symptoms  of  increasing  severity. 
Beans  or  seeds  which  when  dry  may  be  easily  dro])ped  into 
the  canal  become  moistened  by  perspiration,  and  attain  such 
a  size  that  their  spontaneous  exit  becomes  impossible.  While 
this  increase  in  volume  may  not  be  sufficient  to  constitute  a 
source  of  discomfort,  the  introduction  of  water  into  the 
meatus  while  bathing  may  bring  about  this  result.  Again, 
if  there  is  at  the  same  time  a  suppurative  otilis  media,  the 
discharge  from  the  tympanum  will  cause  a  foreign  body  to 
increase  in  volume.  The  local  irritation  which  a  foreign 
body  exerts  upon  the  walls  of  the  canal  increases  the  secre- 
tion from  the  cutaneous  lining,  the  supcrtictal  epithelium  is 


DI A  G  NOSIS— PR  OCN  OSIS. 


38] 


thrown  off  rapidly,  and  the  canal  is  filled  with  these  white, 
moist  scales.  This  condition  is  particularly  favorable  for  the 
development  of  the  various  forms  of  parasitic  growths,  or  of 
a  local  infectious  process  ending  in  a  circumscribed  or  diffuse 
inflaramation  of  the  walls.  Naturally  all  of  these  maiiifesta. 
tions  are  more  common  among"  the  classes  who  pay  little 
attention  to  personal  cleanliness,  or  arc  exposed  to  surround* 
ings  which  render  local  infection  especially  easy. 

When  the  middle  ear  is  the  scat  of  suppuration,  the  for- 
eign body  may  interfere  with  proper  drainage,  and  then 
symptoms  of  pus  retention  ensue. 

Diagnosis.— The  recognition  of  any  foreign  substance 
lying  within  a  perfectly  patulous  canal  is  exceedingly  sim- 
ple. Unfortunately,  however,  these  patients  are  seldom  seen 
immediaicly  after  the  introduction  of  the  foreign  body  and 
before  efforts  have  been  made  to  effect  its  removal.  These 
attem]>ts  at  the  hands  of  the  patient  are  necessarily  unskiiUul, 
and  result  in  the  infiiction  o(  considerable  injury  to  the  sur. 
rounding  parts.  If  the  case  is  inspected  at  the  end  of  a  few 
days,  the  canal  may  be  so  swollen  that  the  deeper  parts  are 
entirely  invisible,  the  softer  tissues  prolapsing  about  the  for. 
cign  body  and  completely  hiding  it ;  while  at  the  same  time 
the  secretion  from  the  parts,  the  desquamated  epithelium, 
and  the  presence  of  dried  blood  which  has  followed  the  efforts 
at  removal,  so  distort  the  normal  appeara.ncc  that  an  exact 
diagnosis  is  a  matter  of  great  difliculty.  The  parts  may  be 
so  lender  that  only  the  smallest  speculum  cin  be  introduced, 
while  manipulation  may  be  impossible.  Under  these  condi- 
tions, our  diagnosis  must  depend  entirely  upon  the  history; 
when  this  clearly  indicates  the  nature  of  the  affection  with 
which  we  have  to  deal,  it  is  unwise  to  prolong  the  cxamina. 
tion,  as  the  indications  (or  treatment  are  identical,  no  matter 
what  the  nature  of  the  substance  may  be. 

Prognosis. — The  outcome  of  the  condition  will  depend 
more  upon  the  local  disturbance  which  is  present  than  upon 
the  nature  of  the  foreign  body  or  its  location.  The  parts  in 
some  cases  are  exceedingly  tolerant,  while  in  others  compara- 
tively harmless  substances  may  give  rise  to  severe  symptiims. 
Probably  nothing  increases  the  gravity  of  a  case  to  such  an 
extent  as  unsuccessful  attempts  at  removal,  the  body  itself 
doing  less  harm  than  unskillful  efforts  in  this  direction. 

When  the  condition  has  existed  for  a  considerable  period. 
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the  [>re$ence  of  profuse  purulent  discharge  wilt  indicate  that 
the  tympanum  has  been  invaded,  while  involvcmeiil  ol  the 
mastoid  cells  or  interference  with  the  outflow  of  pus  will  be 
evidenced  by  characteristic  signs. 

Treatment. — Tlie  instrument  which  should  be  employed 
for  the  relief  of  this  condition  is  the  car  syringe.  It  is  prob- 
ably safe  to  say  that  our  first  efforts  should  always  be  to  clear 
the  canal,  if  possible,  by  this  means  alone.  Although  it  may 
seem  perfectly  simple  to  remove  the  foreign  body  with  the 
forceps,  with  hooks,  or  similar  instruments,  attempts  to  grasp 
hcird,  smooth  objects  usually  result  in  crowding  them  deeper 
into  the  canal,  where  they  become  impacted  and  arc  removed 
with  great  difficulty.  A  stream  of  water  thrown  with  con- 
sidentblc  force  into  the  meatus  is  usually  sufficient  to  dislodge 
any  obstruction,  while  it  inflicts  no  violence  upon  the  parts 
The  only  instance  in  which  it  may  be  wise  to  altctnpl  re- 
moval by  manipulation  is  in  the  case  of  seeds  or  dried  vege- 
table subslanccs,  which  may  increase  in  volume  so  rapidly 
when  moistened  as  to  fill  the  canal  completely.  If  a  sharp 
hook  can  be  made  to  penetrate  such  a  foreign  body  to  a  con- 
siderable depth,  this  is  usually  the  simplest  measure  for  its 
removal.  Forceps  should  only  be  used  where  the  body  is 
thin  and  flat,  and  may  be  grasped  easily  in  the  jaws.  When 
the  contour  of  the  body  is  more  or  less  spherical,  the  efforts 
to  grasp  it  will  usually  result  in  the  instrument  slipping  and 
actually  crowding  the  obstruction  toward  the  fundus  of  the 
canal.  Continued  efforts  in  this  direction  may  often  force  the 
object  against  the  tympanic  membrane,  and  even  into  the  mid- 
die  car.  It  is  sometimes  possible  to  introduce  a  blunt  curette 
between  the  object  and  the  canal  wall  until  the  instrument 
nas  passed  the  obstruction  ;  the  instrument  is  then  withdrawn, 
and  the  foreign  body  removed  with  it.  [t  may  be  necessary, 
in  the  case  of  small,  soft  objects,  to  disintegrate  them  in  the 
canal  by  instruments,  and  remove  them  piecemeal.  This  is 
particularly  true  of  seeds,  the  shell  being  broken,  and  the 
soft  interior  removed  by  the  curette,  after  which  the  remain- 
dcr  of  the  shell  can  be  easily  taken  away. 

The  necessity  of  anaesthesia  must  be  determined  in  each 
individual  case.  It  is  an  error,  however,  to  prolong  the 
efforts  at  removal  where  the  patient  is  extremely  nervous,  on 
account  of  the  damage  which  may  be  done  to  the  surround- 
ing parts;  and,  unless  they  meet  with  prompt  success,  the 
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patient  should  be  thoroughly  anxsthctizcd  before  continuing 
the  operation.  In  some  rare  instances,  where  the  condition 
has  been  neglected,  the  meatus  may  become  so  small  tliat  it 
is  impossible  to  extract  the  foreign  body  through  the  natural 
passage.  Under  these  circumstances  a  more  radical  proce- 
dure becomes  necessary. 

The  patient  being  thoroughly  anaesthetized,  the  parts 
above  and  behind  the  ear  are  shaved,  thoroughly  scrubbed 
with  soap  and  water,  washed  with  a  i.l().t,ooo  bichloride  solu- 
tion and  subsequently  wiih  ether,  the  external  meatus  hav- 
ing been  previously  syringed  with  a  two-per-cent  carbolic 
solution  or  some  other  antiseptic  fluid,  and  tamponed  with 
iodoform  gauze.  An  incision  is  then  made  from  just  below 
the  insertion  of  the  lobule,  upward  along  the  line  of  attach- 
ment of  the  auricle  to  a  point  just  above  the  meatus,  and  then 
forward  as  far  as  the  helix;  the  libro-cartilaginous  canal  is 
then  loosened  from  its  attachment  by  means  of  the  periosteum 
elevator,  the  instrument  being  applied  first  below  and  then 
behind,  the  superior  wall  being  detached  last.  In  the  same 
way  the  periosteum  oi  the  canal  is  separated  from  the  bone, 
and  the  fibro-cartilaginous  tube  is  divided  transversely  as  near 
the  drum  membrane  as  [lossible. 

This  anterior  flap,  consisting  of  the  auricle  and  the  soft 
parts  of  the  meatus,  is  turned  forward,  and  entrance  is  thus 
gained  to  the  bony  meatus  directly,  and  the  path  to  the  for- 
eign body  is  shortened  by  the  length  of  the  cartilaginous  canal. 
This  amount  of  gain  is  inconsiderable  when  we  remember  that 
the  parts  are  covered  with  blood,  and  the  view  to  a  degree  ob- 
structed by  the  ha-morrhage.  If  the  fibrous  canal  is  swollen, 
as  the  result  of  secondary  inflammation,  and  this  is  the  only 
obstacle  to  the  removal  of  the  foreign  body,  we  may  be  able 
to  extract  it  at  once  after  the  flap  has  been  turned  forward. 
In  case  the  object  is  found  so  firmly  fixed  in  the  canal  that 
efforts  at  extraction  are  still  futile,  the  lumen  of  the  meatus 
c:in  be  enlarged  with  a  chisel  by  carefully  chipping  away 
the  bone  from  the  posterior  wall  until  sufficient  sp.ice  is  ob- 
tained to  remove  the  object  It  is  better  to  enlarge  the  pas- 
sage by  the  removal  of  a  portion  of  the  osseous  wall  than 
to  attempt  to  extract  the  body  by  forcible  manipulation.  The 
operation  presents  no  dilTicultics,  and  we  should  never  delay 
in  adopting  this  plan  whenever  extraction  through  the  natural 
passage  seems  impossible.    If,  in  our  efforts,  the  tympanic 
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cavity  has  been  uoavoidably  opened,  this  feature  does  not 
add  to  the  gravity  ^of  the  condition.  The  parts  should  be 
thoroughly  cle.insed,  and  the  wound  in  the  tympanic  mem- 
brane  will  soon  close,  and,  as  a  rule,  the  middle  car  suffers 
very  Utile  from  the  accident.  After  the  purpose  for  which  the 
operation  has  been  utideriaken  is  accomplished,  the  soft  parts 
should  be  replaced,  and  the  line  of  incision  sutured  by  a  con- 
tinuous subcutaneous  catgut  suture;  a  rubber  tube  should 
be  inserted  into  the  meatus,  both  (or  the  purpose  of  drainage 
and  to  keep  the  parts  in  position.  Sufficient  drainage  is  se- 
cured in  this  way.  and  primary  union  throughout  the  entire 
length  of  the  incision  should  be  looked  for.  If  there  is  but 
little  inllaminatory  change  in  the  tissues  of  the  meatus  as  the 
result  of  the  presence  of  the  foreign  body,  a  light  tampon  of 
iodoform  gauze  may  be  inserted  instead  of  the  drainage  tube. 
This  should  extend  to  the  fundus  of  the  meatus  to  secure 
proper  drainage,  and  will  be  found  to  support  the  walls  of 
the  canal  sufficiently.  Unless  the  temperature  indicates  the 
necessity  for  doing  otherwise,  the  dressing  may  remain  un. 
touched  for  six  days,  when  the  parts  will  have  united  com- 
pletely. II  there  has  been  much  previous  laceration  of  the 
soft  parts,  it  is  usually  wise  to  change  the  dressing  at  the  end 
of  the  second  or  third  day.  If  much  discharge  is  found  at 
this  time  the  canal  should  be  irrigated  ;  but  if  the  parts  arc 
dry  this  is  not  necessary.  The  tube  may  be  removed  at  the 
first  dressing  and  the  tampon  of  gauze  substituted.  The  only 
unpleasant  sequel  which  can  result  from  the  operation  is  the 
possible  narrowing  of  the  canal  from  cicatricial  contraction, 
and  this  can  be  avoided  if  the  parts  are  properly  apposed 
after  the  operation  and  held  in  position  for  twenty-four  or 
forty-eight  hours. 
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^Etiology. — The  development  of  a  new  growth  of  an  osse- 
ous character  in  the  external  canal  has  been  attributed  to 
various  causes.  It  was  formerly  supposed  that  a  gouty  or 
rheumatic  diathesis  predisposed  to  the  condition,  alilmugli 
statistics  fail  to  bear  out  this  view;  and  the  same  may  be  said 
of  specific  disease. 

Persistent  irritation  of  the  external  auditory  canal,  espe- 
cially  by  the  presence  of  a  purulent  secretion  such  as  occurs 
in  individuals  suffering*  from  neglected  pundent  otitis  media, 
seems  to  be  the  most  common  certain  cnusc  for  the  develop- 
ment ol  these  bony  growths.  Race  also  exerts  a  decided 
influence,  the  growths  being  more  commonly  met  with  among 
Europeans  than  among  the  inhabitants  of  our  country,  al- 
though among  the  aborigines  they  were  of  frequent  occur- 
rence, as  is  proved  by  an  examination  of  skulls  discovered 
through  archaeological  research.  The  natives  of  the  Ha- 
waiian Islands  also  manifest  the  condition  quite  conuniuily, 
and  from  their  aquatic  habits  this  fact  lends  great  weight  to 
the  argument  that  the  irritating  action  of  salt  water  exerts  a 
must  important  inHuencc  in  the  formation  of  these  osseous 
growths. 

Their  occasional  occurrence  in  successive  generations  in 
the  same  family  seems  to  point  to  a  certain  hereditary  predis- 
position,  although  this  is  tar  from  proved. 

Pathology. — The  portion  of  the  canal  in  which  these 
growths  are  most  frequently  found  is  either  the  junction  of 
the  cartilaginous  and  bony  meatus  or  the  deeper  portion  ol 
the  osseous  channel.  They  occur  in  two  forms,  either  as  dis- 
tinct pedunculatCfJ  masses,  or  as  protul)erances  from  the  bony 
wall  arising  by  a  broad  base.  In  structure  they  may  be  either 
cancellous  or  hard  as  ivory.  A  single  bony  mass  may  be 
prcscrii,  or,  as  more  frequently  happens,  they  are  multiple, 
projecting  into  the  lumen  of  the  canal  from  various  aspects. 
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Where  the  canal  is  obstructed  by  multiple  growths,  it 
preserves  its  circular  furtn  in  a  modified  degree,  the  space 
left  between  the  obstructing  masses  lying  in  the  axis  of  the 
meatus.  Where  a  single  excrescence  of  large  size  is  the  cause 
of  occlusion,  ihc  meatus  is  converted  into  a  sUttikc  passage 
by  the  approximation  of  the  growth  to  the  opposite  wall. 

Symptomatology. — A  small  bony  tumor  in  the  external 
canal  gives  rise  to  no  subjective  evidence  of  its  presence,  and 
even  where  the  deposit  is  multiple  the  condition  may  be  dis- 
covered only  by  accident.  When  they  attain  a  sufficient  size 
10  obstruct  the  passage  to  a  considerable  degree,  the  fimc- 
tion  of  audition  is  interfered  with.  Certain  other  subjec- 
tive symptoms  now  malce  their  appearance  :  the  ear  feels 
full  and  stopped  up,  there  is  autophunia,  and  quite  commonly 
subjective  noises.  The  normal  secretion  from  the  walls  of 
the  meatus  may  collect  l>eyond  the  tumor,  and,  being  unable 
to  find  exit  on  account  of  its  presence,  becomes  impacted, 
and  exerts  a  steadily  increasing  pressure  upon  the  mcmbrana 
tympani  and  the  walls  of  the  bony  meatus.  This  pressure 
tends  to  increase  the  condition  from  the  mechanical  irritation 
which  it  causes.  If  the  accumulation  is  not  removed  arti- 
ficially, the  pressure  may  excite  an  acute  inflammation  within 
the  middle  ear,  or  an  acute  external  otitis.  This  is  especially 
prone  to  occur  if  water  is  introduced  into  the  meatus,  causing 
the  mass  to  suddenly  increase  in  volume.  On  the  other  hand, 
an  acute  inflammation  of  the  middle  ear,  arising  from  another 
cause,  may  lead  to  serious  results  on  account  of  the  obstruc- 
tion to  the  exit  of  the  fluid  products  o(  the  inflam  mation.  For 
this  last  reason  exostoses  of  large  size  become  a  menace  to 
life,  and  when  once  discovered  the  ])atient  should  be  cau- 
tioned to  submit  to  an  examination  periodically  at  the  hands 
of  an  expert,  in  order  that  no  extensive  accumulation  of  ceru- 
men shall  take  place  beyond  the  obstruction  and  cause  com- 
plete occlusion. 

The  degree  to  which  these  masses  interfere  with  hearing , 
varies  considerably.     Even  when  the  meatus  is  exceedingly 
narrow  the  power  of  audition  may  not  be  noticeably  impaired 
in  the  ordinary  intercourse  of  life. 

Diagnosis.— Otoscopic  examination  usually  renders  the 
diagnosis  clear  at  once.  Where  the  growth  is  pedunculated, 
bulging,  and  broad,  and  especially  if  the  surface  is  covered 
by  a  thin  layer  of  cerumen,  the  examiner  may  at  first  be  mi$* 
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led  as  to  the  character  of  the  obstruction,  the  appearance  pre 
scntcd  in  these  cases  being  quite  similar  to  epithelial  d/bris 
mixed  with  cerumen  closely  applied  to  the  wall  of  the  meatus. 
Manipulation  by  means  oi  tlic  curette  at  once  reveals  the  true 
character  of  the  formation.  Upon  removal  of  the  layer  nf 
dried  secretion  upon  the  surface  by  means  of  the  curette,  the 
integument  is  ircquenlly  found  to  be  eroded  aud  excessively 
tender  to  the  touch,  Undoubtedly  the  eflorts  oi  the  patient 
to  remove  these  crusts  when  the  growth  is  near  the  orifice  of 
the  canal  accotmts  (or  the  steady  growth  in  many  instances. 
Located  close  to  the  drum  membrane,  and  presenting  as  one 
or  more  small  rounded  protuberances,  these  bony  excrescences 
may  resemble  closely  a  localized  bulging  in  Shrapnel's  mem- 
brane, but  here  again  the  probe  reveals  the  true  condition. 

The  clinical  historv.  and  the  resistance  ofiered  to  the  im. 
pact  of  the  probe,  discloses  the  true  nature  o!  the  mass.  The 
same  points  distinguish  it  from  a  circumscribed  external  otitis, 
or,  where  the  neoplasm  arises  from  a  broad  base,  from  a  symp- 
tomatic diffuse  utitis  externa. 

Prognosis. — These  neoplasms  follow  a  different  course  in 
different  cases.  The  progress  followed  by  any  individual 
growth  is  probabi}*  more  dependent  upon  the  causes  opera- 
tive in  its  production  than  upon  any  other  condition.  Thus, 
if  it  is  secondary  to  a  purulent  intl:i.mmalion  of  the  middle 
car,  the  mass  will  undoubtedly  increase  in  size  until  the  irri- 
tating discharge  has  been  controlled.  Those  cases  depending 
upon  diathetic  conditions  alone  undoubtedly  advance  less  rap- 
idly, and  here  the  increase  in  size  is  seldom  sufficient  to  de- 
mand operative  treatment  unless  an  intercurrent  acute  inflam. 
mation  of  the  tympanum  takes  place,  necessitating  the  removal 
of  the  exostosis  to  secure  proper  drainage.  After  removal 
the  growth  does  not  tend  to  reappear.  We  are  seldom  able 
to  restore,  however,  the  normal  lumen  o(  the  meatus,  even 
though  the  tumor  is  completely  taken  away.  The  local  irri- 
tation which  must  necessarily  follow  the  operation  excites  a 
certain  amount  of  inflammation  in  the  bony  tissue  which  leads 
to  hypertrophy  of  the  wall  of  the  bony  canal,  and  consequent 
narrowing  of  its  lumen. 

The  possibility  of  an  exostosis  degenerating  into  a  malig- 
nant neoplasm  should  be  borne  in  mind,  especially  when  it  is 
situated  near  the  orifice  o{  the  meatus  and  constitutes  a  source 
of  local  discomfort.     Under  these  conditions  the  patient  con- 
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tinually  irritates  the  canal  in  this  region  by  the  tntroductioo 
of  the  finger  or  some  bkint  instrument  to  relieve  the  pruritus 
— a  process  which  serves  to  keep  the  integument  over  the 
bony  growth  denuded  of  its  superficial  epiihelium.  From 
this  const:int  local  irritation  a  benign  osseous  tumor  mav  as- 
sume the  form  of  an  <>st co-sarcoma.  These  remarks  would 
scarcely  apply  to  growths  located  in  the  deep  canal. 

Regarding  the  function  of  the  organ,  ihe  remarks  already 
made  concerning  the  Increase  in  the  size  ol  the  tumor  may 
be  taken  as  an  index  of  its  probable  effect  in  this  direclion. 
Lesions  of  this  character  endanger  life  only  nlien  they  act  .is 
an  obstruction  to  free  drainage  from  the  more  deeply  situated 
parts  when  thqse  are  the  seat  of  an  inflammatory  process. 

Treatment.— Where  the  exostosis  is  deeply  located,  of 
small  size,  and  gives  rise  to  no  symptoms,  operative  treatment 
is  unwarrantable.  It  is  well,  however,  to  kee[>  the  patient 
under  observatiun.  the  ear  being  examined  at  long  intervals 
to  ascertain  whether  the  growth  is  progressive  or  has  ceased 
to  increase  in  size.  It  is  surprising  how  narrow  the  meatus 
may  become  and  yet  Impair  in  no  degree  the  function  of 
auclilicjn. 

When  multiple  growths  arc  present,  if  the  hearing  is  nat| 
noticeably  impaired,  interference  is  scarcely  called   for.  al^ 
though  the  patient  should  be  advised  to  submit  to  an  occa 
sional  examination  in  order  that  any  secretion   which  may' 
have  collected  may  be  removed  before  it  has  become  im- 
pacted so  firmly  as  to  prevent  its  dislodgnient  without  great 
difficulty.     Sea  bathing  should  be  interdicted,  on  account  of 
the  irritating  effect  of  the  salt  water,  and  at  the  same  time  th( 
patient  should  be  cautioned  against  allowing  fluid  of  anv  sor 
to  enter  the  meatus,  since  by  this  means  any  collection 
cerumen  or  of  desquamated  epithelial  cells  may  become 
augmented  in  volume  as  to  excite  severe  pressure  symptrmn.] 

Where  the  obstruction  of  the  meatus  is  almost  complete,' 
so  as  to  interfere  with  the  function  of  audition,  or  where  the 
slightest  increase  in  size  would  entirely  close  the  canal,  it  is 
our  duty  to  remove  the  exostosis.  The  precise  manner  in 
which  this  is  to  be  done  will  vary  according  lo  its  location, 
its  form,  and  the  individual  preference  of  the  operator. 
When  the  growth  springs  from  a  narrow  base,  and  is  situ- 
ated near  the  entrance  of  the  bony  canal,  it  is  usually  an 
easy  matter  to  separate  it  by  a  chisel  introduced  into  the-j 
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meatus,  and  if  carefully  conducted  the  procedure  does  not 
endanger  the  parts  within  the  tympanum.  When  mure  than 
one  growth  is  present,  nr  when  the  condition  occurs  close 
to  Che  drum  membrane,  or  spring's  from  an  extensive  attach- 
ment,  this  simple  niea-ture  is  not  efficacious,  as  we  have  no 
means  of  protecting  the  dcejjer  striictures.  Moreover,  those 
growths,  springing  from  a  broad  base,  are  usually  of  an 
ivorylikc  hardness,  and  are  but  little  affected  by  chisels 
small  enough  to  be  introduced  into  thi:  canal,  the  instrument 
frequeatty  glancing  from  the  surface  of  the  tumor  and  inflict- 
ing serious  injury  upon  the  parts  beyond.  Tlic  surgical  en- 
gine may  be  used  in  these  cases,  the  base  of  the  growth  being 
pcrioratcd  by  means  of  fine  drills,  thus  weakening  its  attach- 
ment to  the  wall  of  the  mealus  and  permitting  its  removal 
with  cutting  instruments,  or  the  entire  obstruction  may  be 
cut  away  with  a  properly  constructed  burr.  Where  one  is 
familiar  with  the  manipulation  of  the  dental  engine,  the  oper. 
ation,  if  carried  out  in  this  manner,  can  be  performed  with 
greater  safety  than  by  any  other  method. 

Where  the  growth  is  so  large  as  to  render  it  im]>ossible  to 
discover  the  exact  site  of  its  attachment  it  is  well  to  expose 
tho  orifice  of  the  bony  canat  by  an  incision  behind  the  auricle, 
and  to  displace  the  auricle  forward  so  as  to  gain  better  access 
to  the  bony  meatus.  The  operative  technique  is  the  same  as 
that  already  detailed  lor  the  removal  of  foreign  bodies.  After 
this  has  been  done,  either  the  chisel,  the  drill,  or  the  burr  may 
be  used,  according  to  the  preference  of  the  operator. 

Where  the  growth  is  located  upon  the  posterior  wall  it 
should  be  remembered  that,  although  the  tumor  may  be 
eburnatcd.  the  tissue  of  the  mastoid  itself  is  comparatively 
soft,  and  if  the  chi.sel  is  employed  to  remove  the  growth  it  is 
much  simpler  to  remove  a  thin  lamella  from  the  mastoid,  to 
gcthcr  with  the  tumor,  than  to  attempt  to  chisel  through  the 
Ijase  *of  the  growth.  Less  traumatism  is  inflicted  u|)on  the 
surrounding  parts  by  this  procedure,  and  the  ultimate  result 
is  correspondingly  more  satisfactory. 

Where  a  purulent  otitis  media  of  long  duration  is  present, 
exostoses  of  moderate  size  should  be  removed  on  account  of 
ihe  probability  of  a  steady  growth  with  the  consequent  ob. 
sirucUon  to  free  drainage.  In  sucli  cases  it  would  be  much 
better  to  detach  the  auricle  than  to  attempt  to  operate 
through  the  canal.     If  this  is  done,  wc  may  at  the  same  time 
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remove  alt  carious  bone  (rora  the  tympanum,  and  effect  a  cure 
of  the  purulent  olitis. 

Concerning  internal  medication  but  little  can  be  said. 
Anli-rhcumatic  remedies  exert  practically  no  influence  upon 
the  progress  ol  the  local  condition,  and  it'is  only  where  a  dis- 
tinct specific  history  can  be  ciicilcd  that  wc  have  any  reason 
to  hope  (or  improvement  following  the  administration  of  in. 
ternal  remedies.  If  the  osseous  mass  within  the  meatus  is 
considered  (o  be  of  syphilitic  origin,  the  administration  ol 
large  doses  ot  iodide  of  potassium  should  be  tried  before  re- 
sorting to  operative  procedures.  Even  in  these  most  favor- 
able cases  the  results  are  often  disappointing. 


CHAPTER  XVI. 


WOUNDS  AND  IKJURIES  OP  THE   MEMBRANA   TVMPANI. 

iEdology. — The  partition  separating  the  middle  ear  from 
the  external  portion  of  the  conducting  mechanism  may  sufTcr 
injury  either  by  direct  violence  from  instruments  introduced 
into  the  meatus,  or  its  continuiiy  may  be  destroyed  by  indi- 
rect violence,  by  the  sudden  condensation  of  the  air  within 
the  meatus,  as  when  a  heavy  gun  is  fired  close  to  the  car, 
or  when  one  is  in  the  vicinity  of  a  heavy  explosion.    From 
the  anatomical  structure  of  the  drum  membrane,  we  remem. 
bcr  that  its  superior  portion  is  directly  continuous  with  the 
integument  of    the  superior  wall  of  the  meatus.      Traction 
upon  the  auricle,  therefore,  especially  in  children,  may  pro- 
duce a  rent  in  this  portion  of  the  mcmbrana.     Irritating  sub- 
stances introduced  into  the  canal  for  the  relief  of  pain  in 
the  car,  or  f()r  loothachc.  may  produce  a  superficial  inflam- 
mation  of  the  lining  membrane  of  the  canal  and  of  the  drum 
membrane;  in  the  same  manner  a  vegetable  parasite  grow- 
ing within  the  meal  us  causes  a  diffuse  external  otitis.     When 
moderate  in  degree,  such  an  inflammaiion  amounts  to  nothing 
more  than  a  dermatitis,  the  superficial  epithelium  being  exfo- 
liated and  the  deeper  layers  exposed.     When  the  inflamma- 
tion  is  o(  greater  intensity  actual  tissue  necrosis  takes  place, 
and  the  drum  membrane  may  be  perforated,  thus  exposing 
the  tympanic  cavity  not  only  to  infection  from  the  air,  but 
also  to  the  direct  action  of  the  substance  which  has  excited 
the  inflammation  within  the  canal  and  has  caused  the  perfora* 
tion  in  the  mcmbrana  tympuni.     As  a  result  of  this  wc  have 
inflammation  of  the  middle  car  grafted  upon  the  already  ex- 
isting inflammation  of  the  external   meatus-     Perforation  of 
the  membrane  from  inflammation  within  the  tympanic  cavity 
is  of  secondary  importance  to  the  original  disease,  and  pre- 
senLs  no  characteristic  features. 

Pathology. — From   the  iniroduclion  of  instruments  into 
the  canal  injury  to  the  mcmhmna  tympani  is  usually  effected 
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in  the  upper  and  posterior  quadrant,  since  this  reg^ion  is  most 
accessible,  the  anfjle  formed  between  the  cartilaginous  and 
bony  canal  protecting"  the  anterior  portion  of  the  tncmbrane 
from  injury.  When  the  rupture  (oUows  a  sudden  condensa- 
tion of  air  in  the  meatus,  either  from  a  blow  upon  the  ear 
or  from  an  explosion,  the  rent  is  most  frequently  situated  in 
the  postero-superior  quadrant,  from  the  fact  that  the  greatest 
breadth  of  the  tympanic  cavity  lies  in  this  region.  Owing  to 
some  irregularity  in  the  position  of  the  structure  an  accident 
of  this  character  may  produce  a  rupture  in  the  anterior  por- 
tion of  the  membrane.  Following  traction  upon  the  auricle 
the  upper  part  is  most  frequently  torn,  and  here  the  rupture 
is  usually  confined  to  the  region  of  Shrapnell's  membrane,  the 
mcmbrana  vibrans  being  to  an  extent  protected  by  its  loose 
attachment  to  the  membrana  flaccida.  Openings  into  the  tym- 
panic  cavity  are  usually  single  when  of  traumatic  orig^in.  but 
occasionally  nuiliiple  perforations  are  found.  They  vary  in 
shape  from  a  simple  rent,  the  edges  of  which  are  only  slightly 
separated,  to  an  irregularly  circular  opening,  as  occurs  when 
the  force  is  considerable,  or  when  the  membrane  is  very  tense. 
If  the  septum  is  tightly  stretched  the  elasticity  of  the  struc- 
ture separates  the  edges  of  the  tear,  giving  the  appearance  of 
a  certain  loss  of  substance. 

Following  the  introduction  of  chemical  irritants,  the  de- 
struction depends  upon  the  activity  of  the  chemical  agent  in- 
stilled. 

We  have  purposely  omitted  the  cases  of  rupture  follow- 
ing severe  injuries  of  the  cranium,  since  here  the  aural  affec- 
tion is  of  but  slight  importance  in  comp.irison  with  the  frac- 
ture of  the  base  of  the  skull  or  the  cerebral  concussion.  The 
drum  membrane  in  tlicsc  cases  may  be  injured  cither  by  a 
blow  upon  the  side  of  the  head,  which  suddenly  compresses 
the  air  within  the  canal,  or  by  a  blow  upon  the  skuU  which, 
by  the  force  of  impact,  subjects  the  bony  ring  to  great  pres- 
sure at  one  point,  and  causes  it  to  yield  slightly,  rupturing 
the  attached  membrane. 

Where  the  middle  ear  becomes  secondarily  involved,  the 
pathology  does  not  differ  from  that  of  a  middle-ear  inflamma- 
tion from  any  other  cause  except  in  the  fact  that  it  is  usually 
purulent. 

Symptomatology. — When  the  drum  membrane  h,is  been 
torn,  the  first  symptom  is  severe  pain,  referred  to  the  deeper 
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part  of  the  organ.  Oiincidcnt  with  this  there  is  a  very  de- 
cided impairment  in  hearing  and  the  development  of  loud 
subjective  noises.  Vertigo  ordinarily  occurs  fiillowing  a  blow 
upon  the  ear,  but  this  is  due  raihcr  to  a  sudden  increase  in 
labyrinthine  tension  than  to  rupture  of  the  mcmbrana  tym- 
pani.  Very  soon  the  patient  is  conscious  ol  a  watery  dis- 
charge within  the  meatus,  and  the  acute  pain  which  was  pres- 
ent immediately  after  the  injury  becomes  dull,  throbbing,  and 
more  diffuse.  Upon  bhiwing  the  nose  the  attention  is  at  once 
attracted  by  the  passage  of  the  air  through  the  ear,  with  the 
production  of  a  high-pitched  wliistling  sound.  If  secretion  is 
present  the  high-pitched  note  is  foMnwed  by  bubbling  sounds 
as  the  air  passes  through  the  fluid.  Where  the  rent  is  large. 
the  pain  is  usually  of  shorter  duration  than  when  but  a  small 
ojKning  is  present.  The  reason  of  this  is  Ihat  the  copious 
serous  transudation  which  immcdiatclv  follows  the  injury 
Bnds  a  ready  means  oE  exit  from  the  tympanic  cavity,  and 
produces  less  pressure  upon  the  parts  than  where  but  a  stnall 
opening  exists. 

The  subsequent  progress  of  the  case  will  vary  according 
as  the  middle  ear  is  or  is  not  involved.  In  the  first  instance 
a  rather  lon^-continued  suppurative  process  not  infrequently 
follows,  while,  if  the  tympanum  cscafies.  the  rent  of  its  outer 
wall  may  close  perfectly  in  a  few  days,  leaving  no  symptoms 
behind. 

Diagnosis. — A  recent  rupture  is  easily  made  out  on  exami- 
nation, its  irregular  contour  being  marked  by  a  delicate  line 
where  the  rupture  is  linear  (Fig.  91),  or  by  an 
apparent  loss  of  substance  over  the  affected 
region  where  a  circular  opening  is  present. 
Through  this  opening  the  mucous  lining  of  the 
middle  ear  appears  red  and  congested,  throw- 
ing a  bright  rcHex  back  to  the  eye  from  the 
moisture  upon  the  inner  tympanic  wall.  The 
history  of  traumatism  in  the  region  of  the  ear. 
or  of  any  injury  to  the  skull,  followed  by  an 
aural  discharge,  should  lead  to  a  careful  ex- 
amination for  any  evidence  of  injury  to  the  drum  membrane. 
Where  the  rent  occurs  close  to  the  margin  of  the  ring  it  may 
escape  recognition,  unless  the  entire  line  of  attachment  nf  the 
membrane  be  inspected.  Wounds  in  ShrapncII's  membrane 
arc  less  easily  recognized  than  those  in  mcmbrana  vibrans, 
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owiog  to  the  natural  Haccidtty  of  this  part.  Evidences  of  a 
previous  rupture  arc  the  presence  upon  the  surface  of  the 
drum  membrane  of  minute  blood  clots,  corresponding  in 
position  to  the  outline  of  the  rent,  and  the  coexistence  ol 
delicate  radiatinj;  vessels  along  this  line  which  impart  a  slight 
pinkish  tinge  to  the  affected  area.  These  vessels  become  visi- 
ble, owing  to  the  increased  vascularity  incident  to  the  repara* 
live  process.  The  presence  of  minute  blood  clots  in  the 
meatus  also  points  to  a  previous  injury.  These  appearances 
are  of  practical  value  only  in  medico-legal  cases,  where  we 
may  be  called  upon  to  determine  the  effect  on  the  car  of  a 
previous  injury. 

Prognosis. — An  opening  made  into  the  tympanic  cavity 
as  a  surgical  procedure  is  one  of  the  simplest  operative  meas- 
ures employed.  It  is  quite  different,  however,  if  the  open- 
ing occurs  as  the  result  of  an  accident,  when  the  meatus  may 
contain  an  abundance  of  infectious  material,  which  thus  gains 
access  to  the  mucous  lining  of  the  tympanum  :  here  it  is 
easily  absorbed  and  produces  characteristic  results. 

On  account  of  this,  an  accidental  rupture  of  the  mem- 
brana  tympani  at  the  hands  of  the  surgeon  in  attempting  to 
remove  a  foreign  body,  either  with  the  syringe  or  curette,  is 
seldom  followed  by  untoward  results;  while  the  same  acci- 
dent  inflicted  at  the  hand  of  the  patient  might  lead  to  fatal 
consequences.  In  the  one  case,  if  proper  precautions  have 
been  taken,  the  parts  arc  in  a  thoroughly  a.septic  condition 
before  the  traumatism  has  occurred,  and  hence  no  infection 
lollows,  while  the  reverse  is  true  in  the  latter  instance, 

In  general,  the  prognosis  both  for  the  ultimate  closure  of 
the  opening  and  the  restoration  of  the  power  of  audition  is 
fairly  good,  if  the  case  comes  under  observation  before  a 
chronic  purulent  inHammalion  has  supervened.  If  this  has 
occurred,  the  result  will  depend  upon  the  condition  of  the 
parts  as  revealed  by  the  examination,  independent  of  the 
cause  which  has  produced  it. 

Treatment. — As  the  surgeon,  no  matter  how  expert,  will 
occasionally  wound  the  mcmbrana  tympani,  no  instrument 
should  be  inserted  into  the  meatus  before  this  channel  has 
been  thoroughly  cleansed.  Even  in  removing  foreign  bodies 
by  means  of  the  syringe,  the  solution  employed  should  be 
antiseptic  in  character,  in  view  of  the  fact  thai  the  tympanum 
may  be  accidentally  entered.     Under  these  conditions  it  is 
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only  necessary  to  dry  the  parts  lightly  with  cotton,  dust  3  little 
l)oric  aciil  along  thi-  margins  of  the  Mottncl,  anil  occhtdc  the 
iticatus  with  a  pletlgct  of  sterilized  cotton.  A  little  serous  tUs- 
chargc  may  follow,  in  which  case  the  patient  is  directed  to 
chanjje  the  cotton  as  freqiiently  as  it  becomes  satnnleil.  No 
other  treatment  is  necessary,  the  parts  resnminfr  their  normal 
condition  in  from  twelve  to  twenty-four  hours,  even  when  very 
free  serous  discharge  has  supervened. 

Jn  cases  where  the  mcmbrana  tympani  has  been  ruptured, 
the  surgeon  should  always  secure  perfect  asepsis  by  scrubbing 
the  meatus  and  the  surface  o(  the  drum  membrane  with  an  nlco- 
hohc  soUition  of  bichloride  of  mercury,  of  a  strength  1-3.000. 
If  the  ]>arta  seem  comparatively  dry.  the  perforation  shouhl  be 
covered  with  a  small  disk  of  sterilized  paper  moistened  in  sterile 
albolene.  This  is  carried  into  the  canal  by  means  of  a  delicate 
cotton-tipped  prohe.  In  cases  of  linear  rupture  of  the  mem- 
brana  tympani  this  paper  dressing  serves  to  support  the  jiarts, 
to  maintain  the  asepsis  of  the  tym|)anic  cavity,  and  to  cause  the 
wound  to  heal  witliont  the  deposit  of  any  appreciable  amount  of 
cicatricial  tissue.  Where  the  opening  in  the  mcmbrana  tym- 
pani is  larger,  as  in  case^  of  stellate  rupture,  and  where  the 
margins  of  the  wound  in  the  dnim  membnme  have  sloughed, 
leaving  an  irregular  opening,  the  application  of  this  pa]>er  disk 
is  of  advantage  as  it  supports  the  ilnim  mcmhranc  during  the 
process  of  cicatrization  and  prevents  the  formation  of  a  relaxed 
cicatrix.  These  pajjcr  dressings  should  be  applied  only  when 
there  is  practically  no  discharge  from  the  ear  or  in  ca-scs  where 
the  discharge  is  very  slight  nn«l  is  serous  in  character. 

When  seen  .nt  a  later  ])eriod,  or  in  cases  where  it  is  probable 
that  infection  has  taken  place,  local  bloodletting  from  the  region 
in  front  of  the  tragus  may  abort  the  inflammation.  If  the  open- 
ing through  the  ilnim  membrane  is  exceedingly  minute,  and 
the  middle  car  contains  a  large  amount  of  fluid,  the  wisest 
plan  is  to  make  a  free  incision  through  the  drunv  membrane,  at 
the  same  time  incising  the  opposite  internal  wall  of  the  tyin- 
j>anum.  This  evacuates  the  contents  of  the  cavity  and  depletes 
the  vessels  upon  its  inner  wall.  The  measure  is  followed  almost 
invariably  hy  a  prr)nipt  disappearance  of  the  symptoms,  the 
wound  closing  in  from  twenty-four  to  forty-eight  hours.  We 
sometimes  meet  with  cases  in  which  Nature  has  already  sealed 
the  opening  hy  the  deposit  of  a  small  blood  clot  upon  the  ex- 
tcimal  surface  of  the  drum  membrane.    No  attempt  should  be 
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made  to  remove  this  unless  there  is  severe  pain,  as  heating  in- 
variably takes  place  if  the  clot  is  allowed  to  remain.  Interfer- 
ence with  it  may  possibly  infect  the  cavity  and  be  followed  by 
severe  inflammation  of  the  middle  ear.  Acute  or  chronic  otitis 
media  following  the  accident  calls  for  the  treatment  indicated 
under  the  discussion  of  these  diseases. 


///.   DISEASES  OF  THE  MIDDLE  EAR, 


The  entire  middle  ear,  from  the  pharyngeal  orifice  of  the 
Eustachian  tube  to  the  inner  surface  of  the  meinbrana  tim- 
pani, is  covered  with  mucous  membrane;  this  is  supplied  with 
glandular  structures,  in  some  parts  very  richly,  while  in  other 
parts  they  arc  rather  sparsely  distributed,  (or  the  purpose  of 
keeping  the  membrane  moist. 

The  pathological  processes  met  with  here  may  involve 
either  the  entire  region  or  some  single  jjortion  of  it.  Consid- 
erable confusion  exists  at  present  in  the  classi6cation  of  dis- 
eases of  the  middle  car.  and  many  cases  in  which  the  Eustachi- 
an canal  alone  is  affected  arc  classified  as  cases  of  otitis  media, 
while,  on  the  other  hand,  certain  manifestations  within  the  tym- 
panum dependent  not  upon  Inflammatory  changes,  but  upon 
certain  conditions  of  the  blood  vessclsdistributed  to  the  parts, 
arc  also  considered  under  the  same  title.  It  should  be  remem- 
bered that  the  fluid  effused  in  a  simple  inflammation  of  a  mu- 
cous membrane  is  an  increased  amount  of  the  normal  secre- 
tion of  the  membrane,  and  nothing  more.  The  presence  of  a 
purulent  effusion  as  the  primary  result  of  such  an  infiamma- 
lory  change  in  a  cavity  lined  with  mucous  membrane  is  im- 
possible;  in  order  that  the  fluid  shall  be  purulent,  infection 
must  take  place  from  the  outside,  or  the  inflammation  must 
be  infectious  from  the  first,  and  involve  not  only  the  mucous 
membrane,  but  the  underlying  connective-tissue  structures. 
The  affections  in  which  the  mucous  membrane  alone  is  in- 
vi)Ived  have  been  denominated  as  catarrh  of  the  middle  car. 
From  the  derivation  of  the  term,  this  name  indicates  simply 
an  increased  amount  of  secretion.  Such  an  inflammatory  pro- 
cess may  involve  the  Eustachian  lube  alone,  givinff  rise  to  tubal 
catarrh  or  catarrhal  salpingitis,  or  both  the  tube  and  the  tym- 
panum may  be  involved,  in  which  case  we  have  a  tubo-tym- 
panic  catarrh  or  salpingo-tympanitis,  In  this  last-named  dis- 
ease the  inflammatory  process  is  chiefly  crmfincd  to  the  lube 
and  seldom  goes  beyond  the  stage  of  congestion,  changes  tak- 
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ing  place  in  the  cavity  of  the  middle  ear  being  almost  entirely 
secondary  to  this  and  dependliij^  upon  tlie  physical  condition 
of  reduced  presKiire  within  the  tympanum,  due  to  closure  of 
the  Eustachian  canal.  The  disease  is  really  salpingitis,  which 
secondarily  has  given  rise  to  certain  physical  changes  within 
the  drum  cavity  discernible  upon  otoscopic  cxaniinalioii,  and 
scarcely  deserves  recognition  as  an  individual  affection.  The 
separation  of  these  two  varieties  is  made  more  for  convenience 
in  classification  than  lor  any  other  reason. 

In  other  instances  the  tympanum  is  the  primary  seat  of  a 
superficial  inflammation  with  no  involvement  of  the  connective- 
tissue  framework.  In  such  cases  the  changes  are  usually  con. 
fined  to  the  lower  portion  of  the  tympanic  cavity  or  to  the 
atrium.  The  epitynipanic  space  is  not  involved,  and  the  in- 
flammatory process  results  in  the  ])oijnng  out  of  an  increased 
amount  of  normal  secretion,  which  fills,  more  or  less  com- 
pletely, the  middle  ear.  The  mucous  membrane  covering  the 
internal  surface  uf  the  mcmbrana  tympani  participates  in  the 
process,  and  the  mcmbrana  may  be  so  infiltrated  as  to  rup- 
ture from  the  increased  pressure  caused  by  the  pent-up  secre- 
tion. The  rupture  of  the  membrane  in  such  a  case  depends 
not  so  much  upon  a  dccp-scatcd  inflammatory  process  as  upon 
the  increased  pressure  to  which  the  membrane  is  subjected 
from  the  secretion  within  the  cavity,  although  in  severe  cases 
it  is  probable  that  ihe  entire  thickness  of  the  membrane  is 
involved  on  account  of  the  free  anastomosis  between  the 
vessels  of  the  inner  and  outer  layers.  After  perforation  has 
taken  place  thia  form  of  inHamnialion  may  become  changed 
in  character  from  the  infection  of  the  discharge  from  with* 
out.  after  which  it  runs  the  typical  course  of  a  purulent  in- 
flammation. 

Such  are  the  changes  present  in  those  cases  where  a  sim- 
ple catarrhal  inflammation  occurs  within  the  middle-car  tract 
Both  in  tubo-tympanic  catarrh  and  in  acute  catarrhal  inflam- 
mation of  the  middle  car  we  may  have  a  solution  of  continuity 
in  the  drum  membrane;  in  the  tubo-tympanic  form  this  rup- 
ture is  due  simply  to  the  pressure  of  the  fluid  with  which  the 
cavity  is  filled.  It  is  probable  that  rupture  never  occurs  in 
these  cases  if  the  membrane  is  not  atrophic  from  a  previous 
pathological  process.  This  fluid  is  not  the  result  of  inflam- 
mation, but  of  a  serous  transudation  simply  from  the  overdis- 
tcnded  vessels.    The  fluid  collects   in   the  atrium  although 
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transudation  may  take  place  from  the  numerous  reduplica- 
tions in  the  upper  part  of  the  cavity,  the  fluid  entering  the 
atrium  in  obedience  to  the  laws  of  gravity.  In  acute  catarrhal 
tympanitis  the  transudation  is  of  inHammatory  origin,  and 
this  inflammatory  process  may  be  a  factor  of  some  impor- 
tance in  causing  the  rupture  of  the  membrane,  although  it 
is  certainly  not  the  principal  one.  Here  the  atrium  alone  is 
aficcted,  although  the  tympanic  vault  may  be  involved  sec- 
ondarily from  subKe<|uent  infection  of  the  discharge. 

Where  the  inflammation  is  purulent  from  the  start  we  have 
those  structures  primarily  involved  which  are  richly  supplied 
*vith  connective-tissue  elements.  By  recalling  the  anatomy  of 
the  tympanic  cavity  we  remember  that  the  vault  of  the  tym- 
panum contains  numerous  duplicaturcs  of  mucous  membrane, 
these  being  so  fully  developed  in  some  instances  as  to  com- 
pletely fill  the  entire  cpitympanic  space ;  the  connective- tissue 
framework  of  these  folds  presents  a  favorable  site  for  the 
growth  of  the  bacteria  of  suppuration.  When  infection  ol 
this  tissue  occurs  we  have  an  inflammation  set  up  which  dif- 
fers in  no  respect  from  a  ccHulttls  in  any  olhei  portion  of  the 
body  ;  tissue  necrosis  takes  place  quite  rapidly,  and  the  secre- 
tion  resulting  from  the  inflammation  is  purulent  in  character 
from  the  outset.  The  fluid  products  find  exit  either  into  the 
atrium  and  then  into  the  canal,  or  the  mcmbrana  flaccida  may 
be  ruptured  and  an  outlet  afforded  in  this  way,  or  the  secre- 
tion may  find  its  way  into  the  mastoid  cells  or  even  inlo  the 
cranial  cavity  when  egress  in  other  directions  is  prevented. 
Purulent  inflammation  occurs,  as  we  should  expect,  in  the 
more  severe  types  of  acute  infectious  diseases  such  as  scarla- 
tina, diphtheria,  variola,  general  pyaeniic  infection,  etc.  As 
above  stated,  it  may  occasionally  follow  a  simple  catarrhal  in. 
flanimation  by  infection  of  the  discharge  and  subsequent  in- 
oculation of  the  connective  tissue  in  the  tympanic  vault 
through  this  secretion. 

Under  the  forms  of  chronic  inflammation  involving  the 
portion  of  the  conducting  mechanism  under  consideration,  wc 
have  those  resulting  directly  either  from  a  previous  simple 
catarrhal  inflammation  or  from  a  punilent  process. 

Wc  include  in  this  group  those  cases  which  give  the  history 
of  rc[>cated  attacks  of  acute  middle-car  inflammation,  but  in 
whom  the  mtmbrana  tympani  is  not  perforated.  Other  cases 
present  in  which  the  membrana  tympani  has  been  destroyed 
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over  a  small  or  large  area  ami  a  permanent  iicrforatlon  remains. 
Tliese  again  divulc  themselves  into  cases  in  which  the  clisctiarge 
still  cotitlnucs  after  the  acute  disease  has  nin  its  course,  anj 
those  in  which  the  residue  of  the  former  attack  remains,  the 
affection  havinjj  either  censc<l  spontaneously  or  yiel<!cd  to  trcai- 
nient,  restitution  of  the  necroset!  parts  not  having  taken  [ilace. 

A  third  class  of  cases  comprises  that  variety  where  the  tih 
flammation  is  clirotiic  from  its  inception  and  is  characierizecl  by 
a  deposit  of  new  tissue.  To  this  wc  give  the  term  hypcri>!a.stic 
i n flan nnat ion.  Although  we  may  find  this  condition  whercapre- 
vions  purulent  inflammation  has  existed  resulting  in  local  necro- 
sis, it  is  usually  met  with  where  no  such  loss  has  taken  place. 
No  shar]>  dividing  line  can  be  <lrawn  between  this  variety  and 
those  following  an  acme  catarrhal  inflammation  which  lias  failed 
to  resolve,  and  to  which  the  tenn  hypertrophic  is  applicil 

Kegarding  tlic  particidar  liactfriologicat  infection  which  oc- 
curs in  various  intratymi>iinic  inflnnnnalions,  much  lias  l)ccn 
written  of  late,  f-'roin  the  nilhcr  free  communication  between 
the  tympaTumi  and  the  external  air  hy  way  of  ihe  Eustachian 
tube,  it  would  seem  almost  impossible  that  the  tympanic  cavity 
could  ever  he  entirely  free  from  pathogenic  organisms.  It  is 
a  well-known  fact  that  repealed  examinations  of  secretions  ol 
the  mouth,  the  oro-pharyiix  and  the  naso-pharynx.  in  a  large 
number  of  healthy  individuals,  will  reveal  the  jjreseucc  of  vari- 
ous fonns  of  bacteria,  some  of  which  arc  entirely  harmless, 
while  others  are  of  the  pathogenic  variety.  When  wc  consider 
that  the  middle  ear.  under  normal  conditions,  is  practically  in 
direct  communication  with  both  the  nasal  .ind  naso-phary-ngcil 
cavity,  it  would  seem  that  an  absolutely  sterile  tymjwinic  cavity 
would  be  rarely  met  with.  The  investigations  of  Presing* 
woulil  seem  to  show  that  under  normal  conditions  the  tym- 
panic cavity  contains  absolutely  no  bacteria  of  any  description. 
]  la.ssl;uier,|  in  a  scries  of  similar  investigations,  has  apiiar- 
cntly  proved  that  the  norma!  tympanic  cavity  frequently  con- 
tains a  large  nuiul>cr  of  various  micro-organisms,  among  which 
may  be  mentioned  diplococci,  diplostreplococci,  Fricdlamier's 
bacillus,  the  bacteria  of  decomposition,  and  occasionally  strep- 
tococci. From  these  latter  investigations,  it  seems  probate 
that  the  presence  of  various  forms  of  pathogenic  orgimisms'S 

*  CentnJbl.  f.  Raktcr.,  vqI.  x>v.  Abtli.  I.  p.  A35.  tXe  g^efunde  immAUi^ 
FiukcnhOle  i«t  kciinfrci 
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not  uncommon  within  ihc  lynipanuin.  With  itie  mucous  lining 
of  the  tym|ianic  cnvity  in  its  iioniial  condition  these  gemis  are 
not  ]>rescnt  in  siifticicnt  ijnantilies,  nor  are  tliey  sufficiently 
active  to  cause  any  tlisturbancc.  If.  however,  the  circulation 
within  the  lympanimi  becomes  distiirbe"!  in  any  way.  so  as  to 
render  the  tissues  more  vulnerable,  then  these  organisms  begin 
to  proliferate  within  the  middle  ear,  and  to  give  rise  to  syntp- 
toms  cliaraclcristic  of  their  presence.  As  before  stated,  most 
of  these  micro-organisms  reach  the  middle  ear  by  way  of  the 
Eustachian  tube.  It  must  be  remembered  that  in  the  course 
of  general  systemic  infections,  such  as  diphiheria,  niea,sles,  epi- 
demic influenza,  and  so  forth,  infection  of  the  tympanic  cavity 
_may  take  place  through  the  blood  and  lym])h  vessels.  The 
precise  character  of  infection  causing  a  middle  car  inflannna- 
tion,  therefore,  will  depend  upon  several  factors.  In  Uic  (irst 
place,  those  inflammations  of  the  tympanic  cavity  occurring 
primarily,  and  not  complicating  an  acuie  infeclions  disease,  arc 
most  probably  dependent  upon  micro-organisms  whose  pres- 
ence in  the  tympanic  cavity  is  adventitious  and  their  dcveIoi>- 
mcnt  depends  np«n  some  temporary  e(nigc.stion  of  the  mucous 
membrane  within  the  middle  ear  from  any  slight  external 
cause,  such  an  exposure  to  cold,  external  traumatism,  and  so 
forth.  In  those  cases  of  middle-car  intlammation  complicating 
an  acute  infectious  tliscase,  such  as  measles,  dipiillicria,  scarlet 
(ever,  epidemic  influenza  or  pnenmcmia.  a  bacteriological  inves- 
tigation has  demonslnite<l  clearly  Ihe  presence  of  various  or- 
ganisms in  the  discharge  fnnn  the  ear.  the  secretion  examined 
Ijcing  obtained  either  by  paracentesis  of  the  niembrana  tym- 
pani  or  the  inocnlatioti  of  the  cnllitre  Itibc  being  made  from  the 
discharge  present  in  ilic  canal  after  spontaneou.'>  rupture  of  the 
dnim  membrane.  In  some  cases  of  diphtheria,  influenza,  and 
pneumonia,  the  specific  niicro-organisni  of  these  diseases  has 
iieen  foimd  in  ihe  <iischarge  from  llie  ear.*  In  many  other 
cases,  however,  of  the  acme  infectious  diseases,  especially  of 
rict  fever  and  measles,  the  infection  lias  been  due  to  vari- 
lUs  varieties  of  streptococci,  staphylococci,  ami  diplncocci. 
As  in  many  of  these  constitutional  iliseases  lite  nasophar^'nx 
is  frequently  invaded,  by  an  acute  inllammatnn-  process,  the 
CHllures  from  this  region  show  the  presence  of  those  micro- 
organisms mentioned  above.  It  seems  probable,  then,  that 
the  tympanic  cavity  was  invaded  directly  through  the  Eu- 
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slachian  tube,  and  that  an  inflammation  of  the  middle  ear  was 
detennined,  first,  by  the  presence  of  a  large  number  of  these 
specific  micro-organisms  being  introduced  into  the  cavity,  and, 
second,  by  itic  increased  vuinerabiUty  of  the  mucous  membrane 
of  the  mi<Ullc  car,  dependent  upon  the  lowering  of  the  general 
resisting  power  of  tlie  patient,  due  to  the  general  constitutional 
infection.  Clinically,  we  know  that  certain  cases  of  acute  in- 
fJainniation  of  the  middle  ear  are  exceedingly  prone  to  be  fol- 
Inwod  by  an  iiivolvenii^nt  oi  the  Iioiiy  structures  about  the  ear- 
that  is,  to  mastoid  inflammation — while  in  other  cases  t!ie  pa- 
tient escapes  withont  any  such  complication.  Bacleriological 
investigation  lias  shown  that  in  two-ihirds  of  the  cases  compli- 
cated by  mastoid  inflammation,  a  streptococcus  is  the  micro- 
organism most  frequently  found.* 

While  the  study  of  the  various  forms  of  bacteriological  in- 
fection of  the  tympanum  is  interesting  to  those  devoted  to 
laboratory  research,  the  chief  interest  to  the  otologist  is  the 
determination  of  the  prognosis  in  a  given  case  by  means  of  a 
bacteriological  investigation  of  the  discharge  from  the  ear.  In 
the  present  state  of  medical  science,  it  is  always  wise  to  make  a 
culture  of  an  aural  iliscliarge  at  an  early  dale,  whether  this  dis* 
charge  appears  spontaneously  or  is  evacuated  as  the  result  of 
an  incision  in  the  drum  menbranc.  The  culture  is  easily  madt 
by  inoculating  one  of  the  sterile  agar  lubes,  furnished  by  the 
Board  of  Health,  a  sterile  cotton  swab  being  introduced  Into 
the  meatus  so  as  to  mop  up  a  little  of  the  ilischarge,  and  then 
carried  lightly  across  the  surface  of  the  agar.  At  the  same 
time,  it  is  wise  to  make  one  or  two  smears  on  sterile  microscopic 
slides,  these  smears  being  <lried  ami  then  examined  microscop- 
ically after  staining.  The  presence  of  a  large  number  of  strep- 
tococci in  the  smears  or  in  the  culture  tube,  should  always  lead 
the  surgeon  to  give  a  doubtful  prognosis  as  to  the  faveirable 
outcome  of  the  case.  That  is,  where  streptococcus  infection  is 
present,  where  these  micro-organisms  arc  found  in  large  tpianti- 
ties,  and  where  the  growth  of  thc'culturc  tube  is  rapid,  the 
patient  is  much  more  liable  to  .suffer  from  mastoid  involve- 
ment than  where  a  milder  form  of  micro-organism  is  found. 

The  behavior  of  any  of  the  bacteria  obtained  in  this  way, 
when  grown  upon  various  culture  medi.a,  will,  in  certain  in- 
stances, materially  influence  the  surgical  proce<lures  to  be 
adopted  in  any  given  case.    What  has  been  saiil  in  regard  to  a 
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I  Streptococcus  infection  applies  equally  well  lo  infections  due 
to  various  other  micro-organisms,  it  being  remeinhered,  how- 
ever, that  the  streptococcus  is  a  germ  of  great  virulency,  and 
one  which  having  once  invaded  the  tissues  yields  less  rapidly 
lo  mild  measures  of  treatment  than  do  llic  other  forms.  We 
find  many  cases  in  which  the  various  forms  of  diplococcus — 
[iarticularly  the  pneumocoecus — lead  to  involvement  of  the 
l>ony  structures  ahoul  the  ear.  In  a  doul)tfiil  case,  therefurc, 
the  surgeon  shontd  alxvay.^  fiear  in  mind  that  the  rajtidily  of 
growth  of  any  gcnn  in  the  culture  medium  is  a  moderately  fair 
index  of  the  rapidity  with  which  the  healthy  tissues  will  be 
in\-aded.  If  the  microHarganism  is  of  slow  growth,  and  if  the 
smear  preparations  show  only  a  few  micro-organisms,  then  the 
surgeon  is  warranted  in  giving  a  favorable  prognosis  at  once, 
and  is  perfectly  justified  in  assuring  the  patient  that  involvement 
of  the  osseous  tissues  will  not  occur.  Moreover,  he  is  justi- 
fied in  attempting  lo  abort  the  acute  inflammatory  process  by 
the  local  application  of  cold,  where,  if  the  afTectioii  were  more 
virulent  in  cliaracter,  such  abortive  measures  of  treatment 
would  be  entirely  unjustifiable.  It  must  also  be  borne  in  mind 
that  in  some  cases  of  acute  inllammatton  of  the  middle  car, 
where  there  is  marked  bulging  of  the  mcmbrana  tympani  and 
where  incision  of  this  stnioture  is  imperative,  the  examina- 
tion of  the  fluid  may  .show  (he  discharge  to  he  entirely  free 
from  micro-t)rg:niisms.  I  have  recently  seen  such  a  case  com- 
plicating a  mild  attack  of  measles,  in  which  the  drum  membrane 
bulged  extensively  in  the  lower  and  posterior  portion.  The 
membrane  would  certainly  have  ruptured  liad  it  not  been 
promptly  incised.  Careful  cultures  made  from  the  fluid  evacu- 
ated by  incision  of  the  mcmbrana  tympani  revealed  abwihitely 
no  twcteria.  This  goes  to  show  that  under  certain  conditions 
the  circulation  within  the  tympanum  may  be  so  interfered  with 
that  we  may  have  what  may  be  termed  a  "  passive  "  effusion 
into  the  tympanic  cavity,  just  the  same  as  we  have  an  effusion 
into  the  pleural  cavity  in  cases  of  chronic  cardiac  or  renal  dis- 
ca.sc.  We  may  then  have  a  discharge  from  the  ear,  the  fluid 
being  present  in  such  great  quantities  as  to  nipture  the  <lrum 
membrane  with  pressure.  The  pain  in  these  cases  may  be 
severe.  If  the  ease  is  treated  aseptically.  however,  and  infec- 
tion is  not  allowed  lo  occur  from  without,  the  surgeon  can 
awurc  the  ]>atient  that  he  will  make  a  perfect  recovery  without 
further  operative  interference. 


CHAPTER   XVII. 

TUBAL  COKCESTION,   OR   TL'HAL  CATARKH. 

(Acute  Salpingilli.     CusUchian  Cktarrii.] 

JEtioiogy. — This  affection  of  the  Eus1;iclii:in  lube  am, 
arisen    (nun    an  aculK  curyzii  or  an  acute   naso-pharyngiiiSi 
although  it  may  be  met  with  as  a  primary  affection  Irni 
exposure  to  cold.     Occasionally  it  cntniilicatcs  light  altacks 
o(  the  exanthemata  in  ynuii};  adulls.     It  may  depend  upon 
the  entrance  of  some  imlalinj,'  fluid  into  the  Eustachian  lu 
while  bathing,  or  in  using  tht  nasal  spray.     Rarely  il  fnlio 
a  blow  upon  the  external  surface  of  the  body  in  this  rcglofi? 
The  chief'  predisposing  cause  is  some  obstructive  lesion  <>' 
the  nose  or  naso-pharjnx.    The  presence  of  a<k-noid  vcgeia- 
tions  is  a   particularly  polent  factor  in   its  causation,  since 
these  masses  easily  become  engorged   with   blood,  causing 
venous  hyperaimia  o(  ihc  walls  of  the  tube,  narrowing  or  com- 
f)lctely  closing  its  lumen.     At  the  same  time,  the  prescnccoi 
this  soft  tissue  in  the  vault  of  the  pharynx  affords  lodgment 
to  pathogenic  bacteria  inhaled  during  the  act  of  inspiration, 
from  which  locality  they  easily  find  their  way  into  Ihc  canal- 
Impaired  general  health,  no  doubt,  renders  one  more  liable 
to  the  disease. 

Pathology.— The  pathological  conditions  arc  to  be 
sidered  under  two  heads  : 

First,  the  actual  changes   present   in   the   tubal  mucous 
membrane. 

Second,  the  changes  occurring  in  the  middle  ear  dcpeod- 
ent  u|)on  the  obliteration  of  the  tubal  lumen.  ^H 

Within  the  lube  the  condition  is  essentially  one  ol  simp^ 
venous  hypcrjpmia.  or  the  nu-mbrane  may  be  the  scat  of  b 
very  mild  inflammation  following  (he  venous  engorgement. 
The  mucous  membrane  becomes  swollen  and  flabby,  the  walls 
ol  the  tube  lying  in  contact  with  each  other  and  adhering 
closely  on  account  of  viscid  secretion.    The  first  change  ol 
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irenous  hypern;inia  results  in  a  transudation  of  the  fluid  ele- 
ments of  the  blood  from  the  increased  pressure.  When  the 
process  becomes  fully  developed,  ihe  secretion  is  thick,  tena- 
cious, glairy,  white  in  color,  and  by  its  presence  may  occlude 
the  channel  completely.  The  chanjfcs  are  usually  most  marked 
in  the  cartilaginous  part  of  the  tube,  the  osseous  segment  be> 
ng  but  little  affected. 

When  the  Eustachian  canal  is  obstructed  from  any  cause 
he  air  contiined  wilhin  the  tympanic  cavity  disappears  quite 
apidly  from  absorption.  This  results  in  diminished  atmos- 
theric  pressure  within  the  tympanum,  and  a  crowding  inward 
it  the  drum  membrane  and  the  entire  ossicular  chain  by  the 
ixternal  atmospheric  pressure.  If  the  canal  remains  closed 
ufTiciently  long,  we  shall  find  the  drum  mt-mbrane  so  dis- 
>laccd  that  it  touches  the  opposite  internal  tympanic  wall  in 
he  region  of  the  lip  of  the  loiig  process  of  the  malleus.  At 
ts  upper  and  lower  poles  its  firm  attachment  prevents  dis. 
iLiccment. 

Symptomatology. — An  attack  of  this  character,  occurring 
n  the  course  of  an  ordinary  cold  in  the  head,  is  usually  char- 
tctcrucd  by  a  rather  sudden  onset  of  the  symptoms.  The 
>atient  complains  of  a  feeling  of  stuffiness  or  heaviness  in  the 
;ars,  as  though  the  external  meatus  were  occluded  by  a  for- 
Mgn  body,  one  of  the  most  characteristic  symptoms  being  the 
Jesire  to  insert  the  finger  into  the  meatus  in  order  to  "clear 
the  ear,'*  as  the  patient  expresses  it.  This  manipulation  is 
tomelimes  attended  by  momentary  relief  from  the  exhaus- 
lion  of  the  air  within  the  meatus  when  the  finger  is  suddenly 
withdrawn.  Sometimes,  in  addition  to  this  feeling  of  discom* 
^rt,  there  is  a  sensation  o(  actual  pain  referred  to  the  upper 
port  o(  the  pharynx  or  the  region  of  the  tonsil.  In  rarer  in- 
itanccs  this  pain  is  complained  of  in  the  region  of  the  larynx, 
ihe  sensation  being  as  though  a  foreign  body  had  become 
odged  at  the  root  of  the  tongue.  Accompanying  this,  there 
s  some  pain  radiating  upward  toward  the  car,  but  when 
jlosely  questioned  we  find  that  no  actual  pain  is  present  in 
^e  ear. 

m  The  hearing  is  considerably  impaired,  the  diminished  audi- 
ton  seeming  more  prominent  from  the  sudden  onset  of  the 
ittack.  Subjective  noises  arc  almost  always  present,  and  may 
»  exceedingly  distressing.  They  are  most  frequently  high- 
)itched  in  character,  and  in  plethoric  subjects  may  increase 
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in  intensity  with  each  cardiac  systole.  Disturbances  oi  equi- 
librium, (rum  the  sudden  increase  of  labyrinthine  pressure, 
may  be  met  with,  although  their  occurrence  is  not  invariable. 
Among  the  rarer  symptoms  to  which  the  a0eciion  gives  rix 
is  a  feeling  of  heaviness  and  mental  torpidity.  In  nervous 
subjects  the  anxiety  of  the  patient  as  to  ihc  sudden  impair- 
nicnt  ol  hearing  power  is  rather  characteristic.  The  sensa- 
tion of  heaviness  within  the  ears  may  not  remain  confined  w 
this  rcginn.  but  may  be  cornplaiiied  of  as  a  stifl.  numb  feeling 
extending  nver  the  entire  side  of  the  head.  Ii  is  seldom  ilial 
both  siiles  :irc  afFtcled  to  the  same  degree.  atih«utgh  examina- 
tion will  seldom  show  a  perfectly  normal  condition  In  llic 
organ  which  the  patient  asserts  is  healthy. 

Occasionally  casts  arc  met  with  in  which  an  attack  of  ttibol 
co^g^;^li^)n  follows  any  slight  exposure  to  cold.     While  nol 
severe  enough  to  narrow  the  lumen  of  the  cannt  to  an  extent  | 
which  interferes  sufficiently  with  audition  to  direct  the  alien- 
tion  o(  the  patient  to  the  ear,  the  subjective  symptoms  are 
very  pronounced.    They  consist  in  the  sensation  of  a  foreign 
body  in  the  pharvnx,  or  sometimes  of  an  ncute  pnin  at  the 
root  of  the  tongue,  occasionally  severe  enough  to  interfere 
with  deglutition.    The  patient  docs  not  complain  of  the  car, 
but  refers  all  the  symptoms  to  the  pharynx  or  larynx.     These 
manifestations  arc  met  with  most  frcqucntlv  among  neurotic 
subjects,  and  the  attacks  may  be  repeated  at  short  intervals. 
Occasionally  they  occur  in  individuals  who  arc  not  neurotic 
and  in  these  patients  the  symptoms  arc  more  acute,  and  close 
questioning  wilt  usually  elicit  a  history  of  a  slight  impair- 
ment of  audition. 

Diagnosis.— .'\.  Physical  Examination. — An  inspection  by 
reflected  light  reveals  the  drum  membrane  drawn  inward 
towards  the  internal  tympanic  wall,  for  which  reason  the  in- 
ferior sc);ment  seems  abnormally  broad  from  above  do«'n  ward, 
while  at  the  same  lime  the  transverse  diameter  of  this  s^- 
tncnt  seems  to  be  increased  (Fig.  92).  The  handle  of  the  mal- 
leus is  foreshortened,  the  short  process  is  prominent  and  ap- 
pears tighter  than  normal,  and  in  some  f:a5es  it  may  be  tmpoS' 
sibic  to  make  out  the  contour  of  the  manubrium,  owing  to  the 
extreme  degree  of  rt-traction.  the  shaft  being  entirely  hidden 
behind  from  the  prominent  short  process.  Both  the  anterior 
and  the  posterior  folds  are  exaggerated,  the  annulus  tendino- 
sus  is  pri^minent,  and  the  membrana  flaccida  may  participate 
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these  changes,  being  drawn  inward  upon  the  neck  of  the 
malleus  and  closely  applied  to  it,  although  this  latter  condi- 
tion is  not  ordinarily  present.  The  color  o(  the  membrane  is 
normal,  its  lustre  is  preserved,  and  the  light 
reflex  is  either  absent,  displaced,  or  multi- 
ple. The  stretching  to  which  the  parts  have 
been  subjected  causes  the  membrane  to  ap- 
pear  thinner  than    normal,  and    the  undcr- 

«■    lying  intratympanjc  structures  may  be  clear- 

Hdy  discerned  through  it.  In  the  upper  and 
posterior  segtncnt  we  are  often  able  to  recog- 
nize the  long  process  of  the  incus,  the  in- 
cudo  -  stapedial  articulation,  the  posterior 
crus  of  the  stapes,  and  sometimes  the  tendon  of  the  stapedius 
muscle.  The  niche  of  the  round  window  may  also  be  visible. 
The  lining  membrane  o(  the  lynipanum,  as  viewed  through 
this  thin  covering,  presents  no  evidences  of  congestion.  The 
physical  appearances  arc  due  entirely  to  the  diminution  of 
atmospheric  pressure  within  the  tympanic  cavity,  this  region 
UscU  being  unaffected. 

If  the  car  is  inflated,  cither  by  means  of  the  Eustachian 
catheter  or  by  the  Potitzcr  method,  the  auscultation  tube  be- 
ing employed  to  funiish  us  with  information  concerning  the 
condition  of  the  parts,  we  shall  find  that  the  canal  is  opened 
with  difficulty,  tlie  air  either  not  entering  the  middle  car  at  all 
r  only  after  several  attempts  at  inflation.  When  the  cathe- 
ter is  used,  the  first  few  compressions  of  the  bulb  result  in 
(he  production  of  a  harsh,  low-pitched,  rasping  sound,  which 
e  recognize  as  originating  in  the  vault  of  the  pharynx,  and 
not  depending  upon  the  entrance  of  air  into  the  middle  ear. 
This  is  caused  either  by  the  current  being  forced  through  the 
thick  viscid  secretion  with  which  the  parts  arc  covered,  or 
by  impinging  directly  upon  the  mucous  membrane  of  the 
passage,  which  from  the  oedema  is  thrown  into  irregular  folds 
and  deflects  the  current  of  air  from  its  original  direction.  As 
inflation  is  continued  these  pharyngeal  sounds  disappear,  and 
the  air  enters  the  tube,  either  from  the  dtslodgmcnt  of  the 
mucus  or  from  the  displacement  of  the  folds  in  the  mucous 
membrane  by  manipulation  of  the  catheter.  Within  the  tube 
the  current  may  meet  an  obstruction,  either  from  an  agglu- 
tination of  the  walls  of  the  tube  or  from  the  lodgment  of  a 
mucous  plug  at  the  isthmus.     When  familiar  with  the  auscuU 


3o6 


TUBAL 


in  intensity  wiih  each  cardiac  systole.  Disturbances  of  equi- 
librium, from  the  sudden  increase  of  labyrinthine  pressure, 
may  be  met  with,  although  their  occurrence  is  not  invariable. 
Among  the  rarer  symptoms  to  whicli  the  afTeciicin  gives  rise 
is  n  feeling  ol  heaviness  and  mental  torpidity.  In  nervous 
subjects  the  anxiety  o£  the  patient  as  to  the  sudden  impair 
tnent  of  hearing  power  is  rather  charactcrislic.  The  sensa- 
tion of  heaviness  within  the  ears  may  not  remain  confined  to 
this  region,  but  may  be  coinplaincd  o(  as  a  siifi.  nun;b  feeling 
extending  over  ihe  entire  side  of  the  head.  Il  is  seldom  that 
both  sifU's  :irc*  afTtcled  to  the  same  degree,  nlihim^h  ex-imiiia- 
tion  will  sfldom  show  a  perfectly  normal  condition  in  the 
organ  which  the  patient  asserts  is  healthy. 

Occasiiinally  cases  arc  met  with  in  which  an  attack  o(  tubal 
congestion  follows  any  slight  exposure  to  cold.  While  not 
severe  eimugh  to  narrow  the  lumen  of  the  canal  to  an  extent 
which  iiiterfere.s  sufficiently  with  audition  to  direct  the  atten- 
tion o£  the  patient  to  the  car,  the  subjective  symptoms  are 
very  pronounced.  They  consist  in  the  sensation  of  a  foreign 
body  in  the  pharynx,  or  sometimes  of  an  acute  pain  at  the 
root  ol  the  tongue,  occasionally  severe  enough  to  interfere 
with  deglutition.  The  patient  does  not  complain  of  the  ear, 
but  refers  all  the  symptoms  to  the  pharynx  or  larynx.  These 
manifestations  are  met  with  most  frequently  among  neurotic 
Subjects,  and  the  attacks  may  be  repealed  at  short  intervals. 
Occasionally  they  occur  in  individuals  who  arc  not  neurotic. 
and  in  these  patients  the  symptoms  arc  more  acute,  and  close 
questioning  wiil  usually  elicit  a,  history  of  a  slight  impair- 
ment of  audition. 

Diagnosis.— A.  PhysUat  Examination, — An  inspection  by 
reflected  light  reveals  the  drum  membrane  drawn  inward 
towards  the  internal  tympanic  wall,  for  which  reason  the  in- 
ferior segment  seems  abnormally  broad  from  above  downward, 
while  at  the  same  lime  the  transverse  diameter  of  this  seg- 
ment seems  to  be  increased  (Fig.  92).  The  handle  of  the  mal- 
leus is  foicshortcncd.  the  short  process  is  prominent  and  ap- 
pears lighter  than  noriiial,  and  in  some  cases  it  may  be  impos- 
sible to  make  out  the  contour  of  the  manubrium,  owing  to  the 
extreme  degree  of  retraction,  the  shaft  being  entirely  hidden 
behind  from  the  prominent  short  process.  Both  the  anterior 
and  the  posterior  folds  are  exaggerated,  the  annulus  tendino- 
sus  is  prominent,  and  the  mcmbrana  flaccida  may  participatv 
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is  present,  we  may  find  that  the  patient  hears  the  lower  notes 
of  the  scale  (airly  well,  while  at  the  same  time  bone  oinduc- 
lion  is  greatly  diminished,  and  the  upper  tone  limit  lowered. 
This  is  probahly  due  to  a  slight  rarefaction  of  the  air  within 
the  tympanum,  which,  according  to  I'olitzcr,  instead  of  in- 
creasing labyrinthine  pressure,  reduces  it.  It  may  also  de- 
pend upon  the  particular  susceptibility  of  the  auditory  nerve 
to  mechanical  irritation,  causing  a  condition  of  hyperesthesia, 
which  favors  the  perception  of  low  notes,  at  the  same  time 
reducing  bone  conduction. 

These  variations,  while  apparently  confusing,  in  no  way 
detract  from  the  value  of  the  functional  examination,  as  they 
indicate  the  existence  of  a  secondary  labyrinthine  condition. 
This  interference  with  the  perceptive  apparatus  is  perfectly 
amenable  to  any  treatment  which  wtU  remove  the  tympanic 
disturbance  upon  which  it  depends,  and  its  recognition  is  of 
importance  since  it  shows,  in  any  given  case,  a  particular  in- 
tolerance  of  the  labvrinlh  to  changes  in  pressure. 

It  is  not  unrcason-iblc  to  suppose  that  in  any  of  these  cases 
of  sudden  closure  of  the  Eustachian  tube  the  labyrinth  suffers 
a  certain  amount  of  traumatism,  the  same  as  when  the  car  is 
exposed  to  the  influence  of  sudden  loud  sounds,  such  as  those 
produced  by  explosions,  etc.  It  is  a  well-known  fact  that 
under  these  conditions  a  train  of  symptoms  is  found  which 
we  consider  characteristic  of  concussion  of  the  labyrinth. 
In  the  same  manner,  the  sudden  increase  0/  labyrinthine  pres- 
sure due  to  pressure  of  the  stapes  upon  the  perilymph  may 
cause  a  condition  of  hypcra:sthcsia  of  the  auditorv  nerve,  and 
change,  to  a  marked  degree,  the  reactions  found  on  func- 
tional examination.  When  this  occurs  the  case  is  one  of  laby- 
rinthine disease,  acute  in  character,  and  readily  amenable  to 
treatment,  and  is  due  to  the  sudden  and  absolute  closure  of 
the  Eustachian  tube.  Our  functional  examination  reveals 
this  labyrinthine  condition,  and  should  not  be  condemned  be- 
cause it  enables  us  (o  distinguish  a  a^trnplicaling  labyrinthine 
lesion,  and  emphasizes  it  rather  more  than  the  tubal  stenosis. 
The  clinical  historv  and  appearance  of  the  drum  membrane 
will  render  an  error  in  diagnosis  exceedingly  rare.  When 
the  auditory  nerve  is  in  a  condition  of  hyperesthesia  the  per- 
ception of  low  tones  is  well  preserved,  and  it  may  happen 
that  the  lower  tone  limit  is  not  elevated  to  the  degree  which 
wc  should  cjipcct  to  hnd  in  sudden  closure  of  the  Eustachian 
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latnry  signs  we  rt-cognixe  lliat  the  sound  prodiiceH  by  lh< 
insufflated  air  is  nearer  the  car,  and  is  of  a  icss  harsh  charac- 
ter than  when  the  obstruction  is  at  the  pharyngeal  orifice. 
while  the  .sensation  of  the  sound  being-  produced  close  to  our 
own  ear  is  wanting.  At  last  we  recognize  the  entrance  of  the 
current  into  the  tympanic  cavity,  the  quantity  of  air  entering 
being  at  first  small  and  the  sound  produced  by  its  passage 
being  consequently  high-pitched.  If  the  swelling  is  exces- 
sive, the  entrance  of  the  air  into  Ihe  tympanum  is  irregular, 
instead  of  occurring  freely  with  each  compression  of  the  bulb. 
When  at  length  the  lumen  has  been  sufficiently  cleared  to 
permit  the  free  entrance  of  the  current,  the  sudden  replace- 
ment of  the  drum  membrane  to  its  normal  position  is  recog. 
nizcd  by  the  examiner  by  the  occurrence  of  a  sharp,  almost 
metallic  click,  as  the  membrane  is  Inrccd  outward. 

B.  Functional  Exami)tation. — Upon  testing  the  hearing,  wc 
find  the  power  of  audition  for  tlie  whisper  markedly  reduced ; 
tests  with  the  acoumetcr  and  watch  will  ;ilso  show  reduction 
in  the  hearing  power,  although  to  a  relatively  less  degree 
than  to  the  voice.  The  lower  tone  limit  is  elevated,  in  the 
great  majority  o(  cases  being  above  32  V.  D.,  and  sometimes 
two  octaves  higher  than  this.  The  upper  tone  limit  is  fre- 
quently reduced,  or  it  may  be  normal.  \Vhcn  reduced,  the 
change  i<i  caused  by  pressure  upon  the  delicate  structures 
lying  in  the  lower  turn  of  the  cochlea.  The  bone  conduction 
is  augmented  especially  for  the  low  notes  of  the  scale.  Rinnc's 
experiment  being  negative  for  the  lower  notes  and  a  reduced 
positive  result  being  found  as  wc  ascend  the  musical  scale. 
The  vibrating  tuning  fork,  placed  upon  the  vertex  or  upon 
the  forehead,  is  referred  to  the  poorer  car  in  almost  all  cases. 
These  reactions  may  he  considered  as  typical,  and  will  be 
found  in  a  very  large  majority  of  instances.  Certain  condi- 
tions may  exist,  however,  which  will  modify  them,  to  which 
attention  should  be  gfiven.  In  patients  over  forty  years  of 
age  the  tuning  fork  may  not  be  latenilizcd  to  the  side  most 
affected,  and  the  bone  conduction  m.ny  not  be  incrc.iscd  in 
comparison  with  the  normal  standard.  A  similar  change  may 
be  found  upon  applying  Rinnc's  test.  The  remarks  made  in 
the  chapter  on  Physiology  upon  the  diminution  of  bone  con- 
duction as  age  advances  explain  this  apparent  deviation 
from  the  classical  reactions.  When  the  patient  is  seen  very 
earty,  and  before  much  retraction  of  the  nicmbraoa  tympani 
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is  present,  we  may  find  that  the  patient  hears  the  lower  notes 
of  the  scale  (airly  well,  while  at  the  same  time  bone  conduc- 
tion is  greatly  diminished,  and  the  upper  tone  limit  lowered. 
This  is  probably  due  to  a  slight  rarefaction  of  the  air  within 
the  tympanum,  which,  according  to  Politzcr,  instead  of  in- 
creasing labyrinthine  pressure,  reduces  it.  It  may  also  de- 
pend upon  the  particular  susceptibility  of  the  auditory  nerve 
to  mechanical  irritation,  causing  a  condition  of  hypera.*sihesia, 
which  favors  the  perception  of  low  notes,  at  the  same  time 
reducing  bone  conduction. 

These  variations,  while  apparently  confusing,  in  no  way 
detract  from  the  value  of  the  functional  examination,  as  they 
indicate  the  existence  of  a  secondary  labyrinthine  condition. 
This  interference  with  the  perceptive  apparatus  is  perfectly 
amenable  to  any  treatment  which  will  remove  the  tympanic 
disturbance  upon  which  it  depends,  and  its  recognition  is  of 
importance  since  it  shows,  in  any  given  case,  a  particular  in- 
tolerance of  the  labyrinth  to  changes  in  pressure. 

It  is  not  unreasonable  to  suppose  that  in  any  of  these  cases 
of  sudden  closure  of  the  Eustachian  tube  the  labyrinth  suffers 
a  certain  amount  of  traumatism,  the  same  as  when  the  ear  is 
cxpiwed  to  the  influence  of  sudden  loud  sounds,  such  as  those 
produced  by  explosions,  etc  It  is  a  well-known  fact  that 
under  these  conditions  a  train  of  symptoms  is  found  which 
we  consider  characteristic  of  concussion  of  the  bbyrinth. 
In  the  same  manner,  the  sudden  increase  of  labyrinthine  pres- 
sure  due  to  pressure  of  the  stapes  upon  the  perilymph  may 
cause  a  condition  of  hypcra^sthesia  of  the  auditory  nerve,  and 
change,  to  a  marked  degree,  the  reactions  found  on  func- 
tional examination.  When  this  occurs  the  case  is  one  of  laby- 
rinthine disease,  acute  in  character,  and  readily  amenable  to 
treatment,  and  is  due  to  the  sudden  and  absolute  closure  of 
the  Eustachian  tube.  Our  functional  examination  reveals 
this  labyrinthine  condition,  and  should  not  be  condemned  be- 
cause it  enables  us  to  distinguish  a  complicating  labyrinthine 
lesion,  and  emphasizes  it  rather  more  than  ihe  tubal  stenosis. 
The  clinical  history  and  appearance  of  the  drum  membrane 
will  render  an  error  in  diagnosis  exceedingly  rare.  When 
the  auditory  nerve  is  in  a  condition  of  hyperacsthcsia  the  per- 
ception of  low  tones  is  well  preserved,  and  it  may  happen 
that  the  lower  tone  limit  is  not  elevated  to  the  degree  which 
-We  should  expect  to  find  in  sudden  closure  of  the  Eustachian 
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lube.  Distressing  tinnitus  and  vertigo,  the  latter  being  esp& 
cially  ]>rone  to  occur  on  inflating  the  middle  ear,  together 
with  a  lowering  of  the  upper  tone  tirait  before  iiiHation, 
render  the  diagnosis  sufficiently  clear. 

Prognosis.— Eustachian  catarrh  is  ordinarily  one  of  iht 
simplest  afftctiiHiSiof  the  car  which  it  falls  to  our  lot  to  mm 
The  only  danger  to  the  function  of  the  organ  lies  in  the  tend- 
ency to  a  recurrence  of  attacks  of  this  character.     \Vc  have, 
then,  to  consider  not  only  the  outcome  of  the  attack  iratncdi 
alcly  under  observation,  but  also  the  result  if  it  is  allowc<i 
to  repeat  itscU  at  short  intervals.     An  attack  of  Eustachian 
catarrh  ordinarily  yields  to  treatment  in  from  five  to  foui- 
teen  days.     The  hearing  is  completely  restored  only  at  the 
end  of  several  weeks,  but  if  by  complete  restoration  we  mean 
an  absolutely  perfect  funclional  condition  of  the  organ  in  the 
ordinary  acceptance  of  the  term,  the  patient  notices  nothing 
abnormal  about  the  ear,  either  as  regards  the  intcgrit}"  oi 
hearing  or  the  presence  of  subjective  noises  after  a  lapse  ol 
five  to  fourteen  days.     After  an  individual  has  suffered  from 
several  attacks  ol  this  affection  it  will  be  found  that  the  hear- 
ing gradually  becomes  impaired,  each  exacerbation  reducing 
it  somewhat,  at  first  imperceptibly,  but  later  in  the  course  oi 
the  disease  to  a  degree  distinctly  recognizable  both  by  the 
patient  and  by  those  with  whom  he  is  brought  in  contact 
in  his  daily  vocation.     This  is  caused  by  the  development 
within  the  tympanic  cavity  of  a  slowly  progressive  inflam- 
matory process,  dependent  upon  the  malposition  of  the  con- 
tained  parts  for  a  long  period   of    time.     When   the    drum 
membrane  is  indrawn  at  frequent  intervals  by  successive  at-l 
tacks  of  tubal  stenosis,  and   remains  in    this    position  for  a 
considerable  period,  it  becomes  stretched,  and  assumes  an  ab- 
normal  position   more   easily  than   does  the  normal   mem* 
branc.     The  tendon  of  the  tensor  tynlpanic  muscle  from  re- 
pealed relaxation  becomes  shortened,  and  exerts  its  influence 
in  maintaining  the  irregularity  of  curvature  which  the  mem- 
brane  has  assumed.     This  shortening  of   the  tendon  of  the 
tensor  causes  the  tip  of  the  manubrium  to  press  upon  (he 
internal  tympanic -wall.     This  source  of  mechanical  irritation 
gives  rise  to  an  inflammatory  process,  ultimately  resulting  io 
the  development  of  adhesions  in  other  parts  of  the  tympanic 
cavity,  and  producing  a  chronic  catarrhal  otitis  media.    Start- 
ing in  this  manner,  we  may  have  a  simple  hyperplastic  pro. 
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cess  developed,  or  the  condition  so  much  dreaded  by  the 
otologist  and  laity — sclerosis  within  the  tympanic  cavity. 
While,  therefore,  a  simple  tubal  catarrh,  if  lett  to  itseU,  will 
in  all  probability  disappear  at  the  end  of  a  certain  interval, 
we  should  never  lose  sight  of  the  danger  of  frequent  recur- 
rence, and  it  is  our  duty  not  only  to  relieve  the  single  attack, 
but  also  to  direct  our  efforts  toward  preventing-  a  repetition. 

Treatment. — The  treatment  of  the  affection  will  embrace 
leasures  directed  to 

First,  the  acute  attack. 
b      Second,  prophylaxis. 

When  a  patient  suffers  from  the  disease  under  considera- 
tion our  first  efforts  are  to  relieve  the  subjective  noises,  (he 
impairment  of  hearing  and  the  feeling  of  discomfort  within 
the  car,  of  which  he  complains.  This  is  best  accomplished  by 
restoring  the  drum  membrane  to  its  normal  position  by  some 
method  of  inflation.  In  adults  there  is  no  question  but  that 
the  employment  of  the  Eustachian  catheter  is  the  most  effect- 
ive means  at  our  disposal.  In  children,  the  Eustachian  lube 
being  relatively  short  and  cathclcrixation  being  attended  by 
c<^msiderable  difficulty,  resort  may  be  had  I0  inflalinn  by  the 
Polit/cr  method.  When  the  catheter  is  used  ive  shall  find,  as  a 
rule.that  the  mucous  membrane  of  thenaresand  naso-pharynx 
is  intensely  tender,  owing  to  ihc  inflammation  in  this  region 
which  has  caused  the  aural  disease.  To  uvcrconie  this  and 
to  render  the  process  of  catheterization  less  disagreeable  to 
the  patient,  a  ten-per-cent  solution  of  cocaine  should  be  first 
sprayed  into  the  anterior  nares,  the  anaesthesia  being  com- 
pleted by  the  passage  of  a  cotton-tipped  probe  through  the 
pares,  the  cotton  having  been  saturated  with  cocaine  solu- 
tion. The  catheter  is  then  introduced  in  the  ordinary  man- 
ner, when,  by  compressing  the  inllating  bulb  several  times, 
the  membrane  is  replaced.  Care  should  be  exercised  in  per- 
forming  this  manipulation  to  compress  the  bulb  gently  at  first, 
as  suddenly  filling  the  tympanic  cavity  with  air  at  this  period 
is  liable  to  cause  intcn.se  dizziness,  and  the  patient  may  even 
fall  in  a  dead  faint.  Uy  performing  the  inflation  slowly,  and 
gradually  increasing  the  force  until  the  tube  becomes  perme- 
able, this  will  be  avoided.  If  the  patient  performs  the  act  of 
deglutition  at  the  moment  the  bulb  is  compressed,  the  air  en- 
ters the  cavity  more  easily.  The  relief  is  instantaneous  when 
the  malposition  ol  the  membrane  is  corrected,  and  the  mental 
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depression  so  common  to  these  patients  disappears  at  once 
As  the  condition  will  undoubtedly  return  in  (rom  three  to 
twenty-four  hours  after  the  first  inllatinn,  and  from  the  sudden 
reappearance  of  the  symptoms  the  individual  may  consider 
himself  even  worse  than  before  treatment,  it  is  always  well 
to  call  attention  to  the  probability  of  this  recurrence.  It  is 
exceptional  that  a  single  inflation  will  permanently  rclierc 
the  condition  and  the  consequent  symptoms.  Sometimes  the 
tube  is  so  tightly  closed  that  the  air  enters  the  middle  ear 
only  after  repeated  attempts  at  inflation,  When  this  is  the 
case  the  auscultation  tube  usually  reveals  the  cause.  This 
may  be  an  oedema  of  the  tubal  walls,  but  more  irequently  is 
the  lodgment  of  a  plug;  of  thick  mucus  in  the  tubal  orifice, 
which  completely  prevents  the  entrance  of  air.  This  ob- 
struction may  be  removed  by  wiping  the  tubal  mouth  with 
a  pledget  of  cotton,  the  extremity  of  the  cotton  carrier  be- 
ing curved  like  the  Eustaclnan  catheter.  After  this  has  been 
done  inflmion  becoines  ;i  very  simple  mailer.  The  drum 
membrane  being  replaced,  our  next  cfTnrts  should  be  directed 
to  the  abnormal  condition  within  the  tube.  The  site  o(  the 
greatest  redcma  is  usually  the  pharyngeal  orifice,  a  ]iart  easily 
accessible  to  inslrumcnls  intrtKhiccd  through  the  lower  mea- 
tus of  the  nose.  To  control  this  ccdcma  an  astringent  should 
be  applied  to  the  tubal  mouth  by  means  of  a  pledget  of 
cotton,  the  cotton  holder  being  bent  in  the  form  of  the  lius- 
tachian  catheter.  None  is  better  than  a  solution  of  nitrate  of 
silver  varying  in  .strength  from  ten  to  thirty  grains  to  ihe 
ounce.  The  degree  of  concentration  suited  to  any  particular 
case  can  be  learned  only  by  experiment,  but  in  general  the 
more  acute  the  process  the  stronger  the  solution  to  be  used. 
Concerning  the  application  of  vapors  (o  the  Kuslachian  tube, 
t  do  not  believe  this  procedure  to  be  wise  in  the  early  stages, 
as  their  action  usually  increases  rather  than  diminishes  the 
local  congestion.  The  application  of  astringents  seems  not 
only  more  rational,  but,  clinically,  is  followed  by  better  re- 
sults. The  operation  nf  inflation  and  topical  applications  to 
the  pharyngeal  orifice  of  the  tube  should  be  repeated  at  first 
daily,  and  later,  as  improvement  becomes  more  marked,  the  in- 
terval should  be  prolonged  toseveral  days,  until  a>mpletercs- 
toralion  both  of  physical  condition  and  of  function  takes  place. 
in  some  cases  it  will  be  impossible  to  open  the  Eustachian 
tube  by  any  method  of  inflation.     Here  resort  must  be  had  lo 
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the  Eustachian  bouf;ic.  1  am  in  the  hal>tt  of  using;  for  this 
either  the  boiiKie  catheter  (shown  in  Fig.  93),  the  tlilaiation  be- 
ing effected  by  means  of  an  olivu-lijjiicil  metal  huugic  passed 
through  the  rings  upon  the  back  of  the  catlicler,  or,  Jn  the  ab- 
sence of  this,  tlie  ordinary  Eustachian  cachclcr.  throtigh  which 
a  piece  of  No.  5  piano  wire  is  passed.     The  exiremtty  pro- 


Fic  93. — Author's  bougie  cAthttet  foe  Eustachita  tvhe. 

Irnding  from  the  catheter  is  roughened  slightly  with  scissors 
and  armed  with  a  pledget  of  cotton,  care  being  taken  lo  wind 
this  so  firmly  that  it  can  not  he  (hsplaced.  The  wire  h  then 
drawn  into  the  catheter  so  that  the  cotton-tipped  end  aJone 
protrudes.  Remembering  that  the  diameter  of  the  Eustachian 
tube  varies  from  tliree  quarters  of  a  niillinietre  to  two  milli- 
nictrcs,  the  size  of  this  cotton  pledget  should  certainly  not  ex- 
ceed the  last-named  dimension,  and  when  used  for  the  first 
time  it  is  well  to  make  it  considerably  sni;iller  than  ttiis.  The 
opposite  end  of  the  wire  is  bent  at  a  right  angle  at  a  point  one 
inch  and  a  half  from  the  outer  funnel-shaped  extremity  of  the 
catheter.  This.  then,  enables  us  to  estimate  the  distance  that 
the  hoiigie  has  passed  into  the  tube  at  any  lime.  The  bougie 
catheter  or  the  ordinarv'  F.nstarliian  catheter  armed  in  this 
way  is  inln.Khice(l  in  precisely  the  same  manner  ns  in  [ler- 
fumiing  the  operation  of  inflation,  after  which  the  catheter  is 
firmly  fl^cd  in  position  by  the  fingers,  and  the  piano  wire  is 
made  slowly  to  advance  in  the  direction  of  the  Eustachian 
tube,  the  patient  being  requestetl  to  swallow  at  frequent  in- 
tervals, both  to  relax  the  fancial  muscles  and  to  increase  as 
much  as  possible  the  diameter  of  the  canal.  After  the  inslrn- 
mcnt  has  passed  about  an  inch  beyond  the  pharyngeal  orifice 
it  will  apparently  meet  an  obstruction  which  will  he  recog- 
nized as  the  isthmus  of  the  canal,  the  region  at  wliich  the 
lumen  is  normally  less  than  in  other  locations;  aside  from  this 
any  obstruction  encountcrc<]  constitutes  a  pathological  condi- 
tion. Ill  passing  the  instrument  beyond  such  an  obstruction 
the  greatest  gentleness  must  be  employed,  lest  the  mucous 
membrane  of  the  canal  be  wounded  and  decidedly  uncomfort- 
able symptoms  supervene.  Moat  frequently  in  tubal  catarrh 
at 
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the  obstruction  is  confined  to  the  cartilaginous  portion  of  the 
tube,  tlic  osseous  scgniciU  remaining:  free.  The  use  of  the 
cotton  pledget  as  a  dilator  has  a  twofold  advantage.  In  the 
first  place,  the  metal  juirts  of  the  ap]>aratus  inay  tic  sterilized 
in  boiling  water,  :uid  if  ibe  ])Irdj.jt"t  is  fonne<l  of  sterilized 
cotton  it  is  impossible  to  intRfduce  any  pathogenic  bacteria 
during  the  operation.  A  pledget  of  cotton  lightly  twisted  in 
this  manner  increases  in  volume  when  moistened.  If.  there- 
fore, an  obstmclion  is  met  with,  and  the  instrument,  after  en- 
gaging it,  is  allowed  to  remain  for  a  short  time,  considerable 
dilating  force  is  exerted  by  the  absorption  of  moisture,  and 
a  twofold  advantage  gained.  Conccniing  the  danger  of  the 
pledget  of  cotton  becoming  detached  in  the  lumen  of  the  tube, 
it  can  only  be  said  that  this  has  never  occiirred,  and  if  ordinary 
care  is  u.scil  in  the  (jreparalion  of  the  apparatus  no  such  acci- 
dent can  follow.  The  necessity  of  thoroughly  boiling  the  in- 
stnmieni  immediately  before  using  it  can  not  be  too  strongly 
emphasized. 

Where  the  lining  membrane  resists  these  efforts  the  appli-, 
catinti  of  astringents  to  the  miicous  membrane  beyond  the  ori- 
fice is  indicated.  These  may  be  made  by  moistening  the  cotton 
pledget  previous  to  its  introduction  with  a  solution  of  nitrate 
of  silver  of  various  strengths,  beginning  with  a  weak  solution, 
about  five  to  ten  grains  to  the  ounce,  and  gradually  increasing 
the  strength  until  the  desired  result  is  obtained.  Under  no 
condition  should  inflation  be  practiced  immediately  after  the 
introduction  of  a  bougie,  since  a  slight  abrasion  of  the  mucous 
membrane  may  furnish  an  avenue  of  entrance  to  the  air  and 
submucous  emphysema  may  result. 

When  the  condition  fails  to  improve  at  the  end  of  ten  da}*!, 
stimulating  applications  in  the  form  of  vapors  may  he  em- 
ployed with  advantage.  The  object  of  such  applications  ts 
temporarily  to  increase  local  hyperaMiiia,  and,  by  means  of  this 
increased  blood  supply,  to  restore  the  tone  of  the  parts  and 
cause  them  to  resume  their  normal  condition.  It  makes  but 
little  diflference  what  vapor  Is  employed,  so  long  as  we  bear 
in  mind  the  object  to  be  attained.  Any  preparation  which  is 
a  local  stiniulaut  and  X'aporizcs  at  the  onlinarj-  temperature 
may  be  used.  Tincture  of  benzoin,  oil  of  eucalyptus,  menthol, 
iodine,  camphor,  and  various  aromatic  oils  may  all  be  used 
with  sitccess;  the  vapor  of  alcohol,  of  ether,  or  of  chloroform 
is  also  efficacious.    The  best  method  of  exhibition  is  bv  means 
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FiC.  94- — Aolhor*»  ini<3<Uc-«ar  v!>]K'rinT.  Tlie 
rcservnjr  U  filled  with  itop-coik,  aii<l  either 
sir  or  mcdioa-tcil  vapor  cnn  t>«  in>ull1aleil  at 
will  by  tuming  ihii.  When  Xhr  ihutnlhtcrew 
lies  in  the  laiig  axi«  of  tltc  ifiAAtini;  (ul>c.  aJT 
aluno  pnssiM  thrduth  the  cnilictcr  ;  wlicn  ii  is 
tiinicil  m  ni}\  t  QiicTcn  lu  Oiia,  incUicnicii  vitpor 
ia  inmlHatcd,  , 
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'of  a  device  by  which  the  current  of  air  on  its  way  to  the 
tympanum  is  made  to  pass  over  the  volatile  substance,  ihus 
becoming  charged  with  a  certain  amount  of  the  volatile  prin- 
dple.  Either  Roosa's  or 
Luce's  bulb,  or  the  bot- 
tle devised  by  Dayton, 
or  the  instrument  of  tlie 
author  (Fig.  94).  may 
be  employed,  acconliiig 
to  the  choice  of  the 
operator. 

If  I  he  author's  ap- 
paratus is  employed,  it 
is  well,  instead  of  fillinjj 
the  reservoir  with  the 
fluid,  to  place  a  little  cot- 
ton  saturated  with  the 
preparation  to  be  used 
within    this,   as   in    the 

event  of  the  accidental  breaking  of  the  reservoir  by  a  sudden 
motion  of  the  patient  no  damage  is  done  to  the  ganuents 
either  of  the  patient  or  of  the  physician. 

My  own  preference  when  vapors  are  employed  is  first  to 
clear  the  tube  as  |>erfeclly  as  possible  by  intlatiiig  with  air  alone. 
After  which  the  intlaliun  is  continued  with  the  medicated  air. 
The  strength  of  the  application  varies  with  the  nature  of  the 
substance  and  with  the  condition  of  the  parts.  The  menthol 
and  camphor  may  lie  used  in  alcoholic  solution  in  the  strength 
t>f  one  drachm  of  each  to  the  ounce  nf  alcohnl.  or  the  solvent 
may  !>c  tincture  of  io<liiic,  if  the  stimulating  effect  of  the  iodine 
seems  indicated.  The  other  drugs  mentioned  should  l)e  used  in 
the  same  relative  proportions.  A  third  local  stimuhml  nf  con- 
5i<lcrablc  value  is  a  niixtnre  of  the  oil  of  eucalyptus  ami  ])ine- 
nccdle  oil  in  equal  pro]>ortious.  Oil  of  cloves  iriay  be  used  in 
strength  of  Haifa  drachm  to  the  ounce  of  alcohol.  When  iodine 
is  used,  the  officinal  tincture  is  the  preparation  best  suited  for 
ihe  puqiose.  Ether  and  chloroform  should  be  used  in  exceed- 
ingly small  quantities,  as  they  are  e.>:tremely  irritating,  and 
their  use  is  attended  bv  considerable  discomfort. 

The  advantages  of  inllaling  first  with  air  atid  subsequently 

with  a  medicated  vapor,  in.-^tead  of  using  the  medicated  air  from 

J.  Uk  first,  lie  in  the  fact  that  by  this  means  very  little  of  the  medi- 
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calecl  air  is  brouglit  in  contact  with  the  mucous  membrane  of 
the  nose  and  nnso-pharj'nx.  an<l  local  irritation  here  is  reduced 
to  a  miiiiimnn.  When  mcilicaled  vapors  are  usetl  the  c^nheler 
is  always  the  instnunent  to  be  employed  (or  their  intro<Iuct!tin 
\f  this  is  possible.  Occasionally,  however,  wc  may  be  oWigul 
to  resort  to  the  PoHtzer  method  of  inflation;  but  if  possible  this 
should  be  avoided. 

Under  ])rophylacti(--  measures  must  be  inchided  altenlion 
to  the  nmcoiis  membrane  lining  the  nasal  passages  and  the 
pharyngeal  space.  Inquiry  into  the  history  of  these  cases  show 
that  the  patients  are  subject  to  frequent  "  colds  in  the  heaJ  or 
throat."  If  any  departure  from  the  normal  condition  is  prcv 
cnt  in  these  regions  it  should  he  dealt  with  radically.  The 
removal  of  enlarged  faucial  and  plvaryiigcal  tonsils,  the  mluc- 
tioii  of  a  hypertro|)hic  process  within  the  iigrcs,  cither  liy 
chromic  acid,  the  galvano-cautery,  or  any  other  appropriate 
measure,  and  the  actual  removal  of  any  oljstructive  deformity 
of  the  septum  or  of  an  extensive  hypertrophy  of  turhinaieil 
bodies  which  has  failed  to  respond  to  less  radical  measures,  will 
be  necessary  in  order  to  prevent  repeated  attacks  of  Minilar 
iialtire.  Wlien  no  deviation  from  the  normal  .standard  exists 
aside  from  the  condition  <Iei)endcnt  upon  the  acute  attack,  llic 
general  hygiene  of  the  patient  must  he  investigated.  The  flaily 
use  of  the  cold  hath,  preferably  of  the  plunge  bath,  is  essential; 
but  if  this  for  any  reason  is  cunlra-indiealcd,  the  cold  spon^f 
bath  may  be  substituted.  The  u-se  of  all-wool  underwear  anJ 
a  regulation  of  the  habits  cif  life  will  ordinarily  enable  us  to 
prevent  successive  attacks. 

OrcEiuarily  the  local  Ircatmcnt  occupies  the  most  promi- 
nent position  in  llie  mind  of  the  physician;  but  it  can  not  be 
too  strongly  urged  that  careful  attention  to  tlie  hygienic  iw- 
roundings  of  the  patient  arc  of  quite  as  much,  and  freqtientir 
of  more,  importance  than  the  employment  *if  the  topical  ap- 
plications. 
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CHAPTER   XVIII. 

TVBO-TVMPANIC    CONGESTION. — ACUTE     TUBO-TYMPANITIS. 

TUBO-TYMPANIC   CATAKRH. 


In  this  condition,  in  addition  to  the  changes  already  men* 
tioncd  as  occurring  in  tlic  litistacliian  tube,  tlicre  is  present  a 
amgcstion  of  the  mucous  membrane  lining  the  middle  ear, 
dependent  upon  ilie  physical  ehanjjcs  which  the  tuhal  occlu- 
sion causes  rather  than  upon  any  actual  iniJammatorj'  process 
within  the  tympanum. 

/Etiology. — The  same  conditions  which  produce  a  lufial 
catarrh  may  cause  the  affection  under  consideration.  The  exact 
condition  which  results  in  any  individual  case  depends  both 
upon  the  activity  of  the  exciting  cause  and  u]K.in  cundilions 
within  the  tympanum  peculiar  to  the  particuSar  case.  If  the 
tympanic  vessels  arc  wanting  in  tone  from  some  systemic  con- 
dition, or  have  been  in  a  state  of  engorgement  for  a  considerable 
period  From  local  causes,  the  sudden  occlusion  of  the  tubal 
lumen  will  effect  certain  changes  within  the  middle  ear  recog- 
nizable upon  pliysical  examination,  and  active  in  the  produc- 
tion of  certain  subjective  syniplonis.  The  exciting  causes  of 
ihc  attack  are  usually  the  same  as  those  of  simple  tubal  catarrh, 
and  their  repetition  here  is  unnecessary. 

Pathology. — We  may  fuid  within  the  tympanum  a  simple 
engorgement  of  the  vessels  supplying  the  mucous  membrane, 
leading  to  a  general  liypcra;mia  of  the  inner  tympanic  wall 
and.  to  a  Iomct  extent,  of  the  drum  membrane  itself,  this  being 
most  marked  along  the  course  of  the  vascular  plexus.  This 
congestion  may  result  in  two  conditions — cither  one  of  hyper- 
secretion with  the  accumulation  of  mucus  within  the  tympanic 
cavity,  or  in  a  simple  serous  exudation  due  lo  the  tenuity  of 
the  vessel  walls.  This  condition  of  the  vessels  is  usually  of  con- 
stitutional origin  and  is  not  uncommon  in  those  affected  with 
a  gouty  diathesis  or  with  chronic  canli-ic,  hepatic,  or  renal  dis- 
ease.    In  the  membrana  tymjtani  this  vemius  congestion  is 
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evidenced  by  an  increased  amount  of  blood  within  the  veins. 
As  tlic  vascular  network  is  most  ricli  in  the  upper  anil  pos- 
terior scg-ment  close  to  the  periphery  and  along  the  manubriiiin 
mallei,  these  localities  sliow,  upon  inspection,  deviations  from 
the  uorniat  color.  It  is  true  that  stasis  is  the  tirst  stage  of  any 
inflammation,  hut  the  iHsease  under  consiilenitian  does  not  usu- 
ally progress  hirther  tlian  this  first  stage.  The  rcfliipli cations 
of  mucous  mcnihranc  in  the  upper  part  of  the  cavity  niay  abo 
he  involved,  the  effused  scrum  draining  into  the  atrium  or 
bulging  the  upper  part  of  the  membrane.  Sometimes  tliis 
bulging  may  be  so  great  as  to  threaten  spontaneous  ntpture, 
and  it  is  then  the  duty  of  the  surgeon  to  evacuate  the  fluid  by 
incision  before  this  nipture  takes  place.  In  cases  nf  tuho-tym- 
panic  congestion,  the  fluid  thus  evacuated  will  be  found  to  be 
entirely  free  from  baclcria. 

Symptomatology. — Tlie  symptoms  already  enumerated  un- 
der tubal  catarrli  undergo  sUght  modifications  when  the  cavity 
of  the  middle  ear  is  involved.  Instead  of  the  *'  stuffy  "  feeling 
so  characteristic  of  Eustachian  occUision,  these  patients  fre- 
quently complain  of  chsiinct  pain  in  the  cars,  while  the  feeling 
of  heaviness  and  numbness  about  the  head  is  less  marked.  Pain 
is  particularly  well  marked  when  the  vault  of  the  cavity  is 
involved.  The  impairment  of  hearing  is  usually  not  as  sudden, 
nor  IS  it  as  pronounced  as  in  simple  occlusion  of  the  tube. 
This  may  perhaps  be  explained  upon  the  theory  that  the  slight 
swelling  of  the  membrana  tynipani  renders  its  displacement 
by  atmospheric  pressure  less  easy,  and  consequently  the  os.m- 
cles  are  not  crowded  together  as  firmly  as  when  no  obstacle 
is  offered  to  the  displacement  of  the  drum  niend>rane.  Tinni- 
tus is  present,  and  may  be  distressing;  it  is  prone  to  be  influ- 
enced by  the  position  of  the  patient,  and  is  most  complained  of 
when  the  horizontal  position  is  assumed,  as  this  posture  in- 
creases the  vascular  engorgement  When  there  is  fluid  within 
the  middle  car  the  sufferer  freqticntly  complains  of  great  \'ari,v 
lions  in  bearing  according  to  the  position  of  the  head.  When 
sitting  quietly  he  may  be  conscious  of  a  slight  impairment,  but 
if  the  bead  is  suddenly  bent  backward  this  impairment  becomes 
marked,  disappearing  again  when  tlic  erect  position  is  resumed. 
The  reason  is  that  the  effused  fluid  is  capable  of  a  certain 
amount  of  motion  within  the  middle  ear,  and  when  the  head  is 
bent  backward  flows  to  the  poslero-lnferiur  part  of  the  cavity, 
covering  the  round  and  oval  windows  and  inteqiosing  an  ob- 
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stacle  to  the  entrance  of  sound  waves.  Owin);  to  the  presence 
of  fluid  within  the  tymp:muni,  vertijio  is  not  an  uncommon 
symptom  in  these  cases.  The  vertigiiions  attncks  are  nsiialty 
induced  by  snch  changes  in  the  position  of  the  head  as  will 
cause  the  fluid  to  flow  back  over  the  regions  of  the  oval  and 
round  windows.  With  the  head  in  the  erect  position,  the 
patient  will  not  suiTcr  with  the  vertigo.  When,  however,  the 
Itead  is  thrown  backward  or  to  one  side,  the  dizziness  may  be 
vtTy  severe. 

Another  quite  characteristic  symptom  is  the  occurrence  of 
a  bubbling  or  snapping  sound  when  the  patient  blows  tlie  nose 
forcibly,  or  sometimes  during  the  act  of  deghitition.  During 
the  performance  of  these  acts  the  tubal  obstruction  momen- 
tarily becomes  less  complete,  and  the  current  of  air  entering  the 
tydipanum  passes  through  the  tlniil  and  gives  rise  In  the  sound. 

Aiitojihony  is  also  frequently  C()tti|jlaiiie<l  t»f.  while  sub- 
jective noises  may  vary  considerably  according  to  the  posi- 
tion of  the  head,  being  usually  more  severe  in  the  recumbent 
liosition.  A  coudiliou  of  hyperxsihesia  of  the  auditory  nerve 
may  occur  in  these  cases,  causing  certain  .*«ounds  to  be  painful. 
The  sounds  producing  a  painful  imiircssion  are  high-pitched, 
but  ordinarily  not  those  of  the  highest  pilch,  since  the  <jcxlu- 
sion  of  the  niche  of  the  round  window  by  the  fluid  lowers 
the  upper  lone  limit  of  sound  perception  considerably. 

When  the  car  has  been  inflated  by  the  patient  himself, 
either  accidentally  or  by  design,  the  hearing  immediately  im- 
proves to  a  suqirising  degree,  while  the  retrograde  change  may 
jjc  e«|iia!Iy  sudden  after  the  act  of  deglutition. 

Diagnosis. — A.  Physical  lixammation. — The  inspection  of 
the  parts  by  means  of  reflected  light  will  reveal  appcjiranccs 
which  vary  considerably  in  the  diiTcrcnt  cases  accor<ling  to 
the  actual  conditions  present.  The  distinctive  feature,  as  con- 
trasted with  a  simple  tubal  stenosis,  lies  in  the  fact  that  the 
drum  membrane  or  the  internal  tympanic  wall  shows  evidences 
ol  circulatory  changes,  which  are  absent  when  the  tube  alone 
is  affected.  The  position  of  the  drum  membrane  is  usually 
that  of  moderate  retraction,  the  extent  of  this  not  being  as 
great  as  when  the  lube  alone  is  affected.  The  mcmbraiia  tym- 
pani  varies  slightly  from  the  normal  color;  instead  of  being 
pearly  white,  it  is  changed  to  either  a  dull  white  throughout, 
or  it  is  of  a  light  pinkish-white  tinge.  At  the  periphery  and 
along  the  handle  of  the  malleus  the  change  of  color  is  decidedly 
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more  marked  and  is  of  a  dull-rcclilish  hue.    These  changes  in 
color  along  the  manulmiim  and  al  the  perii>hcry  do  not  iiwlicatt 
a  triTc  inflammatoiy  coiichtion,  but  a  venous  congcstwii  sim- 
ply, with  a  consequent  prominence  of  the  veins  forming  ibt 
Tiianubrial  and  iicrijjhcnil  plexus.     This  dull-reddish  color  'v. 
sometimes  very  prominent  above  the  sliort  process  from  the 
congestion  within  the  tympanic  vault  and  is  indicative  of  the 
possibility  of  the  process,  progressing  to  suppuration.    The 
pinkish  tinge  of  the  entire  membrane  which  we  sometimes  oI>- 
serve  is  due  not  to  changes  in  the  membrana  tympani  Itseli. 
but  to  congestion  of  the  internal  tympanic  wall.    The  rays  oi 
light  pass  through  the  membrana  tympani  and  illuminate  the 
internal  wall  of  the  middle  ear,  which  is  in  these  cases  consider- 
ably reddened.    This  colored  background  gives  to  the  nieni- 
brana  tympani  the  pinkish  tinge  described,  but  the  change  in 
color  depends  upon  congestion  within  the  cavity  rather  tliaii 
upon  any  chatiges  within  the  membrana  tymiMini  it?;eH  aside 
from  those  alreaily  nicnlioived  as  occurring  in  the  venous  picxiu  - 
of  the  membrane.  I 

The  malleus  handte  appears  foreshortened  according  to  the 
degree  of  collapse,  but  seldom  to  the  extent  seen  in  siiniilc 
Eustachian  occlusion;  the  anterior  and  posterior  foUls  are  more 
prominent  than  uornial;  from  stasis  the  membrane  may  appear 
thicker  tlian  normal,  and  may  partially  lose  its  lustre.  On 
account  of  the  displacement,  the  light  reflex  is  changed  bolli 
in  [)Osition  and  shape,  ami  may  be  multiple.  These  changes 
arc  recognized  ordinarily  when  no  effusion  has  taken  place 
within  the  tympanic  cavity.  If,  owing  to  the  abnormal  full- 
ness of  the  vessels,  a  certain  amount  of  transmUitiot!  lias  taker 
place  within  the  tympannm,  ihc  degree  of  <lei>ression  is  not  _ 
apt  to  be  as  marked.  Instead  of  this,  a  close  inspection  will  rc>  I 
veal  the  membrana  tympani.  presenting  in  its  inferior  segmcnl 
a  slightly  yellowish  color,  the  lustre  of  the  membrane  l>eing  - 
diminished,  while  thfc  density  is  increased.  This  dull  look  is  \ 
wanting  in  the  upper  part  of  the  membrane,  the  illuminating 
rays  penetrating  it  and  revealing  more  or  less  distinctlv  the 
condition  of  the  iimer  tvnipanic  wall;  and  if  the  membrana  tvtn- 
pani  is  thin,  frequently  enabling  the  observer  to  recognize  the 
long  process  of  I  he  incus  on  the  posterior  crus  of  the  stapes 
(Fig.  95).  The  appearance  is  due  to  a  collection  of  fluid  in  the 
lower  part  of  the  tympanic  cavity,  the  result  of  serous  transu- 
dation.   Not  infrequently  we  obscr\-e  the  line  of  demarcatiofl 
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belween  the  upper  and  lower  areas  as  shaq)  anj  distinct,  ap- 
pearing as  a  fine  !ine  which  traverses  the  memhnina  tynipani 
transversely  (sec  coIorc<l  plates).  This  line  marks  the  level  of 
the  fluid  in  the  tymjiaiiic  cnvity,  and  may  be  mistaken  for  a 
hair  strelcliiiig  across  the  surface  of  tlic  drum  membrane.  By 
lilting  the  head  of  the  patient  forward  or  backward,  it  is  often 
possible  to  observe  changes  in  the  direction  of  the  fluid  line. 
If  the  patient  practices  auto-inflation,  the  current  of  air  upon 
entering  the  tympanic  cavity  will  bubble  up  through  the  con- 
tained fluid,  and  upon  inspection  these  bubbles  are  visible  (Fig. 
96);  they  change  their  position  when  the  patient  swallows  or 
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biana  lyuiir.kiii.     Iiikiiilu-Hl4]H'iliiil  nr-  liiuiia  lyiupaiii  Iml^cd  hj  fluid  in  ihc 

licvluion  visiUc  in  upper  posterior  tympaiiuui.    liulibU-iufuii  iu  ilic  (luid 

<[ua<lr»nl.  are  viiible  through  ihc  mcmbruie. 

forces  more  air  into  the  tympanic  cavity.  Naturally  their  pres- 
ence is  an  unquestionable  evidence  of  fluid.  In  cases  where 
Ihc  (Inini  membrane  has  been  thtckenc'l  from  preceding  inflam- 
mation it  may  lie  so  dense  as  to  prevent  the  recognition  of  these 
air  Imhbles  upcm  ocular  iiis[icction.  In  .such  instances  several 
bright  points  of  light  are  often  seen  upon  the  surface  of  the 
membrane  below  the  level  of  the  Huid.  These  nmltiple  reflexes 
are  indicative  of  the  presence  of  fluid,  although  llicy  nni.st  not 
!>c  relied  upon  as  ahsohitely  characl eristic  of  this  condition. 
Inflation  with  the  catheter  or  by  PoUtzcr's  method  will  reveal, 
through  the  diagnosis  tube,  the  characteristic  bubbling  as  soon 
as  the  air  enters  the  middle  ear.  When  serum  alone  is  present 
the  rales  produced  by  the  bursting  of  the  hul)l)les  will  be  sharp 
and  high-pitched:  when  a  certain  amount  of  uiucns  is  mixed 
with  the  scrinn.  the  sound  will  be  of  lower  pitch  and  of  less 
intensity  and  the  explosive  .sounds  will  follow  each  other  at  \csx 
frequent  intervals.  The  absense  of  r:des  upon  auscultation  can 
not  be  taken  as  a  positive  evidence  that  no  fluid  is  present  in 
the  middle  ear.  A  small  amount  of  effusion  may  lie  entirely 
out  of  the  air  current  and  give  no  sign  of  its  presence.  Again, 
(lie  fluid  may  be  incapsulated  in  a  fold  of  the  mucous  membrane, 
and  thus  be  imaflfectcd  by  the  operation  of  inflation. 
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B.  Functional  Exanunalimi. — Upon  examining  the  patient 
with  reference  to  tlic  power  of  anditidii  we  shall  find  dimin- 
ishci]  air  conduction,  lioth  for  sharp  stmiuls — such  as  the  watch 
and  acoumeter — and  for  the  conversational  voice  and  whispered 
speech,  the  defect  for  the  vocal  sounds  being  relatively  more 
marked  than  for  isolated  sharp  sounds.    The  tuning  fork  wiil 
show  an  elevation  of  the  lower  tone  limit,  while  the  Gallon 
whistle  indicates  a  reduction  of  the  tipper  tone  limiL    Tliis 
latter  will  be  more  marked  when  fluid  is  present  and  occupiw 
such  a  position  as  to  cover  the  round  and  oval  windows.    Tlie 
vibrating  tuning  fork,  placed  upon  the  forehead,  is  usually  latci- 
alized  to  the  more  alTecled  side  in  cases  of  bilateral  disease,  or 
toward  the  affected  side  when  only  one  ear  is  involved.    Abso- 
lute bone  conduction  for  a  fork  of  two  hundred  and  fifty-sK 
or  five  hundred  and  twelve  double  vibrations  per  second  is  usu- 
ally increased,  although  sometimes  it  may  be  slightly  less  than 
iiomial.    While  this  latter  condition  indicates  the  involvement 
of  the  perceptive  apparatus,  the  labyrinthine  lesion  dcpcmls 
upon  the  process  within  the  middle  ear.  and  will  disappear  when 
Ihc  tympanic  comlition  becomes  nonnal.    The  presence  of  flu") 
in  the  middle  ear  may  modify  the  results  of  the  functional  teus. 
and  render  an  exact  diagnosis  of  the  condition  of  the  perceptive 
apparatus  impossible  until  it  has  been  removed  by  therapeu- 
tic or  surgical  measures  and  the  cnnducling  mechanism  has 
been  restored  as  nearly  as  possible  to  its  nonnal  condition. 

Prognosis. — In  many  of  these  cases,  especially  in  childreti. 
the  ]>arls  relum  to  a  completely  normal   condition  withoo' 
treatment.     In  adults,  while  spontaneous  recover)'  occurs  i" 
a  certain  proportion  of  instances,  it  is  probable  that  the  func- 
tion of  the  organ  is  not  completely  restored.    Aside  from  spon- 
taneous resolution,  we  may  have  developed,  as  a  result  of  tUs 
process,  a  chronic  otitis  media,  the  persistent  congestion  of 
the  parts  uUiinately  resulting  in  an  inflammatory  process  ol 
the  chronic  type.     Tliis  may  result  cither  in  an  hypcrtropbv 
of  the  mucous  inemtjranc  lining  the  cavity,  the  reduplication 
incre.ising  in  number  and  in  density,  or  occasionally  we  have 
developed  a  true  hyperjilastic  inflammation,  in  which  the  cod- 
nective-tissue  framework  of  the  lining  memhnme  of  the  middle 
car  becomes  firm,  the  interfibrillary  substance  being  absorbfti. 
and  a  sclerotic  condition  is  the  result.    This  process  is  usually 
more  pronounced  in  Ihc  region  of  the  oval  and  round  windows 
than  elsewhere.    The  membrane  of  the  liustachian  tube  nuiy 
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undergo  similar  changes.  When  the  hypertrophic  changes 
occur  within  the  tympanum  the  Eustachian  tube  is  also  affcctctl, 
its  calibre  being  so  narrowed  that  ventilation  of  the  tympinium 
is  interfered  with.  In  the  hyperplastic  or  sclerotic  intlanima- 
tion  (he  result  is  to  increase  its  calibre  rather  than  to  iliminish 
it.  In  those  cases  where  the  circulatory  system  is  impaired 
from  diathetic  causes,  the  effusion  in  the  tympanic  cavity  may 
increase  in  amount  when  the  mucous  membrane  of  the  upper 
air  passages  is  congested  as  the  result  of  exposure  lo  cold  or 
of  some  disturbance  of  the  prima!  via^,  <liminisbing  in  (juan- 
tily  or  disappearing  when  the  jiaticnt  is  in  a  fairly  nonnal  con- 
dition. 

Treatment. — In  the  acute  stage  the  measures  already  men- 
tioned under  the  treatment  of  tubal  cntarrh  are  to  be  adopted. 
Proper  attention  to  clothing  and  hygienic  surroundings  and 
the  treatment  of  the  upper  air  passages,  surgically  nr  other- 
wise, is  of  the  greatest  importance  in  preventing  recurrent 
attacks. 

In  addition  to  this  we  have  to  deal  with  the  congestion 
within  the  tympanum  itself,  and  when  effusion  is  present  our 
treatment  must  he  of  such  character  as  to  produce  either  its 
absoqjtion  or  its  exit  by  mechanical  means.  For  the  relief  uf 
the  venous  engorgement  local  bloodletting  stands  pre-eminent. 
Tlie  abstraction  of  from  two  to  four  ounces  of  blood  from  tbc 
region  innncdialely  in  front  of  the  tragus  is  frequently  followed 
by  a  complete  cessation  of  the  imjileasant  symptoms  and  resto- 
ratiim  of  function.  When  seen  early,  this  method  may  prevent 
the  effusion  of  nui<i  into  the  middle  ear.  Next  wc  should  try 
to  prevent  this  transudation  by  restoring  the  intratympanic 
pressure  as  nearly  as  possible  to  its  normal  standard.  This  is 
to  be  effected  I>y  inflation  of  the  mi<MIe  ear,  either  by  the  Polit- 
tKT  method  or  by  the  use  of  the  Eustachian  catheter.  Authori- 
ties vary  eonsi<Icrably  as  to  the  propriety  of  using  the  air 
douche  in  acute  congestion  of  the  tympanum.  To  my  mind, 
there  is  no  question  but  that  inflation  is  beneficial  in  a  very 
large  proportion  of  these  cases,  and  frequently  shortens  the 
duration  of  the  disease,  preventing  transudation  of  senun  by 
su|>poning  the  intratympanic  vessels-  The  relief  to  the  sub- 
jective !()*mptoms  is  also  very  marked,  and  in  no  instance  have 
I  seen  the  condition  aggravated  by  the  operation,  even  when 
relief  <lid  not  follow.  .After  the  effusion  of  serum  has  taken 
place,  local  bloodletting  is  ordinarily  useless  unless  actual  pain 
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is  present,  and  wc  have  reason  to  fear  that  the  process  may 
become  inHammatory. 

After  cfFiision  lias  taken  place  our  efforts  should  he  directed 
toward  its  removal.  Two  ways  arc  available:  cither  evacuation 
by  incision  throii^^h  the  drum  membrane,  or  removal  through 
the  Eustachian  tube.  The  objection  to  early  incision  of  the 
membraiia  tympani  is  the  supposed  tendency  to  recurrence 
when  the  fluid  is  evacuated  in  this  manner.  Unless  the  transn- 
dation  is  considerable  in  amount  and  causes  much  discomfort, 
it  is  well  lo  atteniijt  its  absorption,  reserving  incision  of  the 
drum  menilirane  (or  persistent  cases  only.  The  prime  factor 
influencing:  the  absorption  of  the  fluid  is  a  patulous  condition 
of  the  Fluslachian  tube,  thus  relieving  the  venous  turgescencc 
and  permitting  the  passage  of  the  effusion  into  the  lymphatics. 
The  restoration  of  the  tube  to  a  patulous  condition  is  effected 
by  the  use  of  the  catheter,  the  b<Kigie,  the  application  of  as- 
tringents to  the  orifice  of  the  tube,  or  inflation  with  medicated 
vapors.  These  measures  have  been  detailed  under  tubal 
catarrh.  When  the  a>ndition  has  existed  for  a  considerable 
time  the  mucous  membrane  of  the  middle  car  may  not  readily 
take  up  the  fluid.  Here  inffation  with  any  medicated  vapor 
which  will  slinuilate  the  lining  membrane  may  accomplish  the 
desired  object.  For  this  purpose  we  may  use  menthol  or  cam- 
phor in  tlie  proportion  of  one  drachm  lo  an  tnmce  of  alcohol, 
the  va]ior  of  the  oil  of  eucalyptus  in  full  strength,  or  even 
alcohol  vapor  alone.  It  is  best,  when  (he  fluid  is  not  too  viscid, 
lo  evacuate  a  certain  amount  of  it  through  the  [Eustachian  tube 
by  means  of  the  air  'louche.  To  do  this  the  head  shoidd  be 
inclined  forward  and  towanl  the  imaflFected  side  during  the  per- 
formance of  the  npenitinn,  anrl  occasional  attempts  at  degluti- 
tion should  he  made,  as  this  act  renders  the  tube  more  patulous 
and  permits  the  fluid  to  he  displaced  more  easily.  An  effusion 
of  this  character  should  yield  to  treatment  in  not  less  than  four- 
teen day.i,  the  air  douche  being  administered  at  first  daily,  and. 
as  the  condition  improves,  at  longer  inter\'als.  If  a  decided 
impression  has  not  been  made  upon  the  fluid  at  the  end  of  this 
lime  it  is  unwise  to  delay  longer,  and  the  membrana  tympani 
should  be  incised.  The  same  plan  should  be  adopted  even  ai 
an  earlier  periotl  if  the  patient  can  not  he  kept  under  obsen-a- 
tion  sufficiently  long  to  insure  a  complete  restoration  by  the 
milder  measures  already  indicated.  Considerable  difference  of 
opinion  exists  as  to  the  precise  location  and  the  extent  of  in- 
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cision  through  the  dniTii  membrane.  To  my  mind  the  question 
shoiiUI  tie  (tecitlcil  on  gcnenil  surgical  principles.  The  object 
sought  is  perfect  drainnge  and  a  rapiil  and  perfect  restoration 
of  the  parts  to  their  normal  condition.  These  ends  can  I)e 
attainetl  only  by  a  free  ami  extensive  incisirm  which  will  evacu- 
ate all  the  lluid  and  leave  the  parts  in  a  contiition  favorable  to 
immediate  union  throughout  the  entire  line  of  section.  In 
order  that  the  drainage  may  be  perfect,  Ihc  lowest  jioint  of  the 
opening  must  lie  near  the  inferior  pole  of  the  drum  membrane. 
Since  the  upper  and  posterior  part  of  the  cavity  is  the  most 
capacious,  an  effusion  sufficient  in  amount  to  demand  evacua- 
tion usually  causes  a  bulging  of  the  drum  membrane  in  this 
locality.  I  prefer,  therefore,  to  insert  an  exceedingly  shaq> 
but  delicate  knife  close  l<i  the  periphery  of  the  menilirana  at 
a  point  opposite  the  short  process;  the  knife  is  then  carried 
downward  close  to  the  periphery  to  the  lowest  point  of  attach- 
ment of  the  membmna  tynipaiii.  The  section  lies  entirely 
within  ihe  clear  membrane,  and  slioukl  not  wound  the  carti- 
Lnifinous  ring.  When  considerable  congestion  is  present  it  is 
aclvisabic  to  secure  local  depletion  by  carrying  the  knife  suffi- 
ciently inward  lo  make  it  impinge  upon  the  internal  lyni(»anic 
wall  so  as  lo  divide  the  soft  parts  which  cover  it,  throughout 
the  entire  extent  of  the 
incision  through  the  drum 
membrane.  If  the  parts 
I  above  the  short  process 
are  intensely  congested 
the  incision  is  to  be  ex- 
tended upward  so  as  to 
enter  the  vault  and  de- 
plete the  engorged  tis- 
sues. In  these  cases  it  is 
usual  10  incise  from  below 
upward  (Fig.  97).  A  few 
vigorous  efforts  at  infla- 
tion by  means  of  the 
Politzcr  method  clears 
the  cavity  completely  of 
fluid,  the  divided  parts  fall 

readily  into  ])Iacc,  approximation  being  practically  perfect,  and 
it  is  not  unusual  to  find  complete  union  at  the  end  of  thirly-six 
hours.    The  only  possible  untoward  result  following  this  pro- 


Flc  97.— Method  o(  Inclslnc  mcmbrann  lym- 
[lani  to  evaciule  lluiil  in  ine  mrinm  (nainml 
sitt). 
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cedure  U  accidental  infection  at  the  time  of  the  operation.  To 
2voitl  this  the  canal  should  hv  first  sjTingcd  with  a  solntion  of 
btchloritlc  of  mercury  (i  to  8,000).  while  the  instruments  em- 
ployed ^ould  be  sterilized  b^  boiling.  After  the  fluid  has 
been  evacuated  the  canal  should  be  closed  by  a  plug  of  aseptic 
cotton  and  the  patient  should  on  no  condition  interfere  with  it. 
Carried  otit  in  this  manner,  there  is  absolutely  no  danger  in 
adopting  this  method  of  treatment  for  an  effusion  of  any  kind 
within  the  tympanic  cavity.  In  nervous  patients  it  is  well  to 
perform  the  operation  under  nitrous  oxide  ana.*sthesia. 

Nothing  has  liccn  said  concerning  the  administration  of  in- 
ternal remedies,     I  have  little  faith  in  the  beneficial  action  of 
any  drug  for  the  correction  of  the  condition  under  consi<icra- 
tion.    As  a  prophylactic  measure  it  is  well,  upon  the  disap- 
pearance of  the  attack,  to  guani  against  recurrence  by  the  ex- 
hibition of  drugs  snpposeil  to  he  particularly  efficient  in  over- 
coming a  lyniiihatic  diathesis.    This  is  especially  tnie  in  the 
caiie  of  children.    The  administration  of  the  iodide  of  iron  in 
doses  of  four  to  eight  grains  three  times  daily,  together  \Wtli 
hypophosphitcs.  will  do  much  in  the  direction  of  causing  a 
spontaneous  disappearance  of  the  deposits  of  lymphatic  tissue 
in  the  naso-phar)'nx  and  pharynx.    Often  after  surgical  intcr- 
ferpnce,  it  is  well  to  employ  these  remedial  agents  for  a  period 
of  a  mcinlh  or  six  weeks  to  insure  the  permanency  of  the  r^ 
sidt.     Where  the  cuntlilion  depends  upon  a  disturbance  of  ilii* 
vascniar  apparatus,  as  in  artcn'o-capillary  sclerosis,  or  upon  a 
renal  lesion,  the  proper  treatment  of  the  general  disease  nia> 
do  much  to  diminish  the  local  process.     The  application  of 
astringent  remedies  to  the  tympanic  cavity,  either  through 
the  KuBtachian  tube  or  through  an  artificia]  opening  in  \he 
drum  nienihrane,  is  not.  I  think,  indicated  in  this  condilion. 
since  we  iire  dealing  not  with  an  inflammation,  but  with  an 
obstnjction  to  the  venous  flow. 
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This  term  is  applied  lo  an  actual  inflammatory  condition 
ithin  ihe  middle  cir,  resulting  in  an  increase  in  tlie  normal 
secreiion.  In  this  way  it  differs  from  the  jirocess  just  described. 
Why  in  one  iiatient  wc  slionld  have  a  simple  congestion  of  the 
tympanic  lining,  and  in  another  an  acute  inflammator>'  process, 
the  factors  of  causation  being;  similar  in  the  two  cases,  it  is 
impossible  to  state.  It  seems  that  the  difference  must  depend 
somewhat  upon  the  power  possessed  by  the  individual  to  resist 
the  invasion  of  pathogenic  bacteria  and  also  upon  the  virulence 
or  degree  of  infection  in  the  individual  case.  It  is  certain  that 
venous  stasis  plays  a  part  in  the  causation,  as  in  this  condition 
any  membrane  is  particularly  suscepUhle  to  tlic  absorption  of 
bacteria.  The  infection,  then,  of  an  individual  in  perfect  health 
niight  result  in  the  first  stage  nf  inllammation  simply  or  an 
obstniciion  to  the  venous  flow  with  possible  effusion  of  scnim 
from  mechanical  causes  alone.  In  an  in<lividual  less  robust  the 
infective  process  would  be  carried  one  step  farther,  and  we 
should  have,  followinf?  the  stage  of  congestion,  an  actual  inflam- 
niator>'  process  developed.  Here  ag;iin  comes  the  (|uestion  as 
to  why  in  certain  instances  this  inflammatory  process  results  in 
the  formation  of  mncons  secreiion,  and  in  others  in  the  forma- 
tion of  pus.  We  have  in  the  structure  of  the  middle  ear  a  suffi- 
ciently clear  explanation  of  this.  I  think.  Remembering  that 
e  upper  part  of  the  cavity  contains  a  large  amount  of  eon- 
leclive  tissue,  we  shmiUl  expect  infection  in  this  region  to  be 
followed  hy  an  inflammation  of  the  cellular  type,  while  infection 
of  the  lower  portion  of  the  cavity  would  result  in  a  simple 
catarrhal  inflammation  of  the  lining  mucous  membrane.  Clin- 
ical experience  bears  out  this  theory.    It  is  this  last-named  proc- 

that  occupies  our  attention  at  present. 

Etiology — An  acute  catarrhal  otitis  may  complicate  mea- 

or  a  cold  in  the  head,  or  may  be  caused  by  the  introduction 
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of  fluids  into  the  middle  ear  through  the  Eustachian  tul>c  while 
hathing-.  or  lIiroug;h  the  use  of  the  nasal  douche.  Violent 
efTorts  at  clearing'  itie  nostrils  may  occasionally  cause  the  affec- 
tion in  the  same  manner.  Any  abnormal  condition  of  the  upper 
air  passages,  particularly  the  presence  of  an  cnl;irj;e<I  pharyn- 
geal tonsil,  prctlisposes  to  this  disease.  Exposure  to  cold  or 
wet  may  bring  on  an  attack  without  any  other  symptoms  refer-  ■ 
able  to  ibe  upper  air  tract  being  present.  Traumatic  rupture 
of  the  membrana  tympani  may  le^d  lo  an  infection  of  the  atrium 
and  a  simple  inflammation  of  its  hning  membrane,  although  in 
most  cases  of  these  instances  the  inflammation  is  purulent  in 
character. 

Pathology. — The  pathological  changes  have  been  described 
in  what  has  already  gone  before.  The  inflammation  is  con- 
fine<l  to  the  superficial  layer  of  the  lining  membrane  of  the  tym- 
panum, the  basement  membrane  escaping.  Most  frecpiently 
only  the  lower  part  of  the  tympanic  cavity  is  involved.  The 
reduplications  lying  within  the  vault  arc  congested  and  swollen. 
but  the  process  does  not  go  farther  than  this.  As  the  result 
of  the  inflammation  the  action  of  the  mucous  glands  is  stimu- 
latetl,  and  their  secretion,  mixed  with  the  transuded  scrum,  fills 
the  tympanic  cavity  with  a  turbid  lluiil,  rather  thick  in  con- 
sistence and  containing  nuich  mucin  and  holding  in  suspension 
desquamated  epithelial  cells.  The  changes  involve  the  mucous 
layer  of  the  mcmbrana  tympani.  which  becomes  swollen  and. 
by  exfoliation  of  its  superficial  cells,  leaves  the  fibrous  layer  ex- 
posed: ihis  becomes  infiltrated  also,  and  from  the  pressure  of 
the  accumulated  secretion  may  give  way  at  one  point,  per- 
mitting the  pent-up  ttiiid  to  flow  into  the  canal.  Spontaneous 
perfcimtion  in  these  cases  probablv  depends  as  much  upon  the 
increased  pressure  as  upon  the  actual  inflammatory  process 
involving  the  deeper  layers  of  the  drum  membrane.  The  Eu- 
stachian tube,  while  partaking  of  these  |jathological  changes 
to  a.  certain  degree,  is  not  involved  to  the  .same  extent  as  in  a 
simple  salpingitis,  the  activity  being  more  directed  toward  the 
lining  membrane  of  the  middle  ear. 

In  recent  years  much  attention  has  been  paid  to  the  deter- 
mination of  the  various  forms  of  bacteria  which  may  bo  prescni 
in  aural  discharge.  In  the  disease  under  consideration,  the 
micro-organisms  will  vary  according  to  the  predisposing  cause 
of  the  aural  affection.  The  severity  of  the  attack  will  also  de- 
pend largely  upon  the  character  of  the  micro-organism  which 
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has  induced  the  diseasf.  In  the  milder  cases  we  find  a  staphy- 
Icicdcciis  or  (Hpli)cijccus  infection.  In  the  severer  cases,  we 
have  a  strci)tococciis  infection.  In  certain  cases,  complicating 
epidemic  influenza,  tlic  spccilic  intincnza  bacillus  has.  been 
found. 

Symptomatology. — The  symptoms  vary  considerably,  ac- 
conling  to  tlie  nge  of  the  psilient.  For  convenience  we  will 
consider  the  disease  first  as  affecting  adults,  and  later  as 
affecting  children. 

A.  In  Adults. — The  early  symptoms  may  be  so  slight  as  to 
pass  unnoticed.  They  consist  in  a  feeling  of  fulhiess  and  stuffi- 
ness in  the  ear,  dependent  upon  the  occlusion  of  the  Eustachian 
canal.  This  sensation  is  soon  followed  by  pain  in  the  ear  re- 
ferre*!  to  the  tympanic  cavity,  and  of  steadily  increasing  sever- 
ity. The  degree  of  pain  is  ordinarily  sufficiently  acute  to  pre- 
vent sleep,  provided  the  attack  occurs  at  night.  The  pain  is 
usually  distinctly  localized,  and  seldom  panakes  of  the  diifLisc 
character  found  in  intlammatioii  of  the  external  meatus,  while 
its  severity  enables  it  to  be  ilistinK-nislied  from  that  (hie  to 
closure  of  the  Eustachian  tube.  The  pain  is  usually  most  severe 
upon  lying  down,  owing  to  the  determination  of  blood  to  the 
head  svlicn  this  position  is  assumed.  Subjective  noises  of  high- 
pitched  character  manifest  themselves  quite  early,  but  are  not 
complained  of,  on  account  of  the  severity  nf  the  pain.  Inipair- 
nienl  of  hearing  is  at  first  .-iliglit.  Init  steadily  increases,  and  may 
reach  an  exceptionally  high  degree.  When  the  stage  of  hyper- 
secretion is  reached  the  pain  subsides  gradually,  being  re]ilaced 
by  a  fcclnig  of  futlnci.s  or  heaviness  in  the  side  of  the  head. 
Each  act  of  deglutition  is  painftd.  and  the  patient  is  conscious 
at  these  times  of  the  entrance  of  air  into  the  tympamun.  its 
passage  through  the  flui^l  producing  bubbling  sounds,  while 
the  movcnienl  which  it  causes  in  the  intmlyin|)anic  .structures 
is  at(ende<]  by  lancinating  pain  on  account  of  the  swollen  con- 
dition. The  body  temperature  may  lie  slightly  elevated,  and 
from  the  severity  of  the  pain  some  iirostraticm  may  follow.  .Xt 
any  period  varying  from  twelve  to  forty-eight  hours  spontane- 
ous nipture  of  the  memhrana  tymiinni  may  lake  place,  as  evi- 
'denced  by  the  ap|)earance  of  a  sero-niueous  discharge  from  the 
external  auilttory  meatus,  and  an  abrupt  cessation  of  the  |»aiii. 
In  many  cases  rupture  docs  not  take  place,  and  the  disease, 
having  run  its  course.  leaves  within  the  tympanic  cavity  a  cnl- 
leclion  of  scro-miicus,  wlncli  thai  produces  the  characteristic 
23 
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symptoms  o(  an  intraiyinpanic  effusion.  If  the  drum  membrane 
is  exceedingly  dense  and  does  not  yield  to  the  pressure  of  tlie 
fluid.  llic  vault  of  tlie  lynipaiiuni  may  become  involved  secon- 
darily, and  a  purulent  inllatnnialion  supervene.  In  still  ullier 
instances,  where  no  siionlane^His  outlet  is  cfTeclccI,  Ihc  lining 
membrane  of  the  mastoid  cells  l)Cconics  involved.  'I'hc  iwlicnt 
complains  of  severe  pain  behind  the  car,  gradually  spreading 
to  the  side  of  the  head.  Tliis  involvement  is  usually  associated 
with  an  elevation  in  body  temperature  and  an  increase  in  the 
severity  of  all  the  symptoms. 

The  discharge  may  cease  spontaneously  at  the  end  of  a  few 
hours  or  days.  It  may  continue  as  a  sero-mucous  discharge. 
or  by  exposure  to  the  air  it  may  become  infected,  its  character 
then  changing  to  a  purulent  secretion.  When  this  occurs,  the 
infection  may  spread  to  the  middle  ear,  involving  the  structures 
situated  within  the  vault,  and  may  then  follow  the  ordinary 
course  of  a  chronic  purulent  inflammation  of  the  middle  ear. 
Ill  other  cases  the  discharge  of  the  fluid  is  followed  by  a  com- 
plete cessation  of  all  symptoms,  the  ofiening  of  the  membraaa 
tynipani  closing  spontaneously  an<l  the  parts  returning  to  their 
nonnal  condition. 

B.  In  Children. — In  very  young  children  the  symptoms 
charactcristtc  of  an  acute  catarrhal  inflammation  of  the  mid- 
dle ear  may  he  of  so  severe  a  type  as  to  incline  one  to  the 
opinion  that  the  child  is  suiTering  from  a  much  graver  disease. 
The  attack  usually  comes  on  at  night.  The  infant  at  first 
tosses  about  in  bed  and  throws  the  amis  upward  over  the  head, 
usually  toward  the  affected  side,  althnugh  this  is  not  invariable. 
After  a  short  period  of  disturbed  sleep  the  chihl  wakens  and 
gives  evidence  of  intense  suffering.  The  temperature  is  fre- 
quently exceedingly  high,  and  may  rcaeh  106°,  but  usually 
varies  from  102°  to  104*.  The  rise  in  temperature  ntay  l)e  t!i« 
only  symptom,  and  therefore,  one  may  remain  iti  complete  igno- 
rance of  the  cause  of  this  rise  in  temperature  until,  after  sev- 
eral hours,  a  sero-mucous  discharge  appears  in  the  meatus. 
This  is  usually  accompanied  by  .1  cessation  of  all  symptoms,  the 
child  dropping  off  to  sleep  and  the  tempemture  gradually  fall- 
ing. In  certain  cases  the  attack  may  be  ushered  in  by  re|)eaied 
convulsions  and  by  vomiting,  sinnilating  very  closely  an  at- 
tack of  meningitis.  With  the  appearance  of  disdiarge  from  the  ■ 
ear,  pain  usually  ccascji.  and  in  many  cases  the  temperature  be- 
comes perfectly  normal.    This  is  not  the  invariable  rule,  how- 
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ever,  even  though  drainage  is  free.  The  ilrum  membrane  of  a 
child  is  exceedingly  ihin  and  yields  easily  to  the  outward  pres- 
sure of  ihc  thiid.  rupturing  before  the  intlaniination  williin  the 
tympanic  cavity  has  ceased.  An  elevation  of  the  temperature, 
therefore,  may  conthnie  for  a  few  days  after  perfectly  free  drain- 
age is  secured.  When  this  is  the  case  the  temperature  is  apt 
to  he  either  remittent  or  intermittent,  the  elevation  in  the  after- 
noon reaching  103'^  or  104°  in  many  cases. 

The  character  of  Ihe  discharge  hnth  in  adults  and  children 
varies  aconling  to  the  period  of  the  disease.  During  tlie  first 
few  days  the  fluid  is  large  in  amount,  turbid  from  the  mixture 
of  epithelial  cells,  and  rather  viscid  in  consistence  from  (he 
presence  of  mucin.  The  viscidity  of  (he  discharge  offers  an 
obstruction  to  its  free  exit  through  the  small  opening  in  the 
drum  membrane  and  obstructive  symptoms  may  occur.  As  a 
rule  the  discharge  is  much  more  profuse  in  children  than  in 
adults  and  contains  a  greater  number  of  epithelial  cells.  When 
the  case  progresses  favorably  the  secretion  gradually  ihmin- 
ishcs  in  amount,  becomes  t^iinncr  and  more  watery,  and  finally 
disappears  entirely.  If  pro])cr  attention  is  not  paid  to  clean- 
liness the  fluid  may  become  infected  in  the  auditory  canal,  the 
infection  may  spread  to  the  tympanic  cavity,  and  a  puniknt 
otitis  media  supervene  from  inoculation  of  the  connective-tis- 
sue structures  in  the  tympanic  vault.  This  accident  net'il  never 
happen  if  proper  attention  is  paid  to  cleanliness.  The  presence 
of  the  secretion  in  the  meatus  tends  to  soften  and  remove  the 
epithelial  matter,  thus  leaving  a  denuded  surface,  through 
which  infection  may  take  place  and  localized  or  diffuse  otitis 
externa  follow. 

After  the  appearance  of  the  discharge  the  constitutional 
symptoms  may  again  become  severe  if  the  opening  through 
the  drum  nienibrane  becomes  occluded  either  by  thick  mucus 
or  as  the  result  of  the  reparative  process;  especially  is  this  tnic 
when  a  case  progresses  rapidly  toward  recovery  and  an  acute 
naso-pharyngitisoccursas  the  result  of  exposure  to  cold.  From 
this  cause  the  inflammatory  process  within  the  middle  ear  be- 
comes augmented  and  a  sudden  increase  in  the  amount  of  secre- 
tion takes  place.  The  opening  through  the  drum  membrane 
is  not  of  sufficient  size  to  permit  of  free  drainage,  and  the 
symptoms  already  described  in  the  earlier  part  of  the  chapter 
are  repeated.  A  relapse  of  this  character  is  always  lo  be  feared, 
since  there  is  danger  of  secondar)'  inflammation  of  the  mastoid 
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cells.     Occlusion  of  the  opening  in  the  memhrana  tyiiif 
even  for  a  short  time,  may  also  result  in  mastoid  involveni;ni 
by  any  fresh  access  of  inllamniator>'  process. 

Tlie  inipainnenl  lA  hearing  and  the  subjective  noises  usu- 
ally diminish  after  tlie  pressure  within  the  tympanum  is  rt- 
Kevcd  hy  the  passage  o(  the  contained  fluid  into  the  auditon' 
meatus.  Necrosis  of  the  osseous  tympanic  wall  or  of  the  os- 
sicula  themselves  does  not  lake  place  in  simple  catarrhal  otitis, 
although  the  condition  is  frei[uenl  in  the  purulent  variety. 
These  seqncire  will  he  considered  under  a  chapter  on  punilcnt 
otitis  media. 

Diagnosis. — A.  Physical  Examination. — An  insjwclion  oi 
the  canal  and  mcmbrana  tympani  in  the  early  stages  will  re- 
veal a  distinctly  hypcrrcmic  condition  of  the  drum  membrane, 
most  marked  in  the  region  of  ihe  manubrium,  the  rediifj* 
shading  off  gradually  into  the  normal  color  of  the  pari.  The 
stnictures  above  the  short  [irocess — that  is,  in  Shrapnell'ii mem- 
brane— may  also  present  a  reddish  color  quite  early  in  the  ih- 
ease.  since  the  blood  vessels  of  the  mcmbrana  tymjwni  arc 
richly  distributed  in  this  region  and  venous  congestion  mar 
be  marked.  The  hyperxmia  is  distinguishable  from  the  vaKu- 
lar  congestion  present  in  tiibo-tympanitis  from  the  fact  that  i!ie 
vessels  themselves  do  not  stand  out  |)rominently.  hut  the  reii- 
ness  is  diffuse,  merging  gradnnlly  into  the  normal  pearly  while 
color  of  the  mcmbrana  tympani,  while  in  tubo-tympanilis  the 
outline  of  the  vessels  is  distinctly  marked  and  there  is  a  line  '^f 
demarcation  between  the  hyperarmic  areas  which  are  identical 
with  the  normal  vascular  plexus  and  the  remainder  of  the  mem- 
brane. The  position  of  the  drum  membrane  may  be  nomu'. 
although  quite  frequently  it  is  moderately  depressed;  exit"' 
sive  collapse  of  the  part  upon  the  internal  tympanic  wall  t!o*s 
not  occur  ns  a  rule.  At  a  later  period  the  entire  membraia 
tympani.  particularly  the  memhrana  vibrans.  is  uniformly  rtil- 
dcncd;  the  lustre  is  wanting;  the  landmarks  may  be  obscured 
on  account  of  oedema;  the  short  process  of  the  malleus,  how- 
ever, is  seldom  completely  hidden,  even  in  severe  cases,  if  caf^ 
ful  search  is  made  for  it.  At  this  period  ctlEusion  has  usnallv 
taken  place,  the  result  being  to  force  the  drum  membrane  ciul- 
ward  into  the  canal.  The  displacement  is  usually  most  niarkeil 
in  the  upper  and  posterior  part  <Fig.  98);  in  children,  and  in 
adults  where  the  memhrana  tympani  is  more  obliquely  placed 
than  usual,  the  mcmbrana  seems  to  be  continuous  with  tti< 
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poslero-superior  wall  of  the  meatus,  narrowing  the  fundus  of 
the  auditory  canal,  tliis  region  being  convened  into  a  small 
quadrangular  area  of  not  more  than  one  quarter  tlie  nomial  size 
(Fig.  87).  Such  a  narrowing  is  quite  as  char- 
acteristic of  bulging  of  the  drum  membrane  as 
a  ili&tinct  globular  mass  filliug  the  fundus  of 
the  canal.  A  point  to  be  remembered  in  this 
connection  is  that  the  entire  mcmbrana  tym- 
paui  bulges  as  a  whole,  the  change  in  position 
not  being  limited  to  the  mcmbrana  flaccida. 
This  is  of  considerable  diagnostic  ini]>orlance 
when  wc  rcmcndjcr  that  inflammations  of  a 
pundcnt  character  usually  involve  the  upper  portion  of  the 
cavity  first,  and  the  presence  of  fluid  causes  a  protrusion  of 
the  mcmbrana  tympani  above  the  short  process  of  the  malleus. 
More  attention  will  be  paid  to  this  in  a  later  chapter. 

After  the  discharge  has  raadc  its  appearance,  an  inspection 
of  the  ear  will  reveal  the  canal  tilled  with  sero-nnicous  Ihiid. 
Upon  removing  this,  the  surface  of  the  drum  membrane  will 
be  seen  covered  with  a  dense  while  lustreless  coaling.  Tins 
is  due  to  a  necrosis  oi  the  superficial  epithelial  layer,  and  may 
be  easily  removed  by  means  of  the  cotton  pledget,  when  the 
external  surface  of  the  nirmbrnna  tympani  will  be  seen  to  be 
red  and  swollen.  The  point  of  rupture  should  be  scarclicd  for 
carefullj',  but  where  the  canal  is  swollen  it  is  sometimes  difficult 
to  locate  it  exactly.  Usually  il  is  fniiiid  in  the  inferior  seg- 
ment,either  just  UelowtheTnaiuibriuni  i>rin  the  .interior  portion 
close  to  the  pcri[»hcry  of  the  drum  membrane.  When  exam- 
ined inimcfliately  after  rupture  has  taken  place,  the  discharge 
pours  out  so  rapidly  tliat  it  is  difficult  to  determine  exactly  the 
location  of  the  opening.  Nor  is  this  of  importance,  provided  we 
ascertain  that  il  is  of  sufficient  size  to  admit  of  free  drainage. 
The  presence  of  a  nuico-serous  discharge  in  the  canal  is  suffi- 
cient evidence  that  perforation  has  taken  place.  The  use  of 
the  Poliizer  air  bag  or  of  the  Eustachian  catheter  will,  when 
the  car  is  inflated,  afford  us  a  certain  evidence  of  this  from  the 
sharp,  high-pitched  perforation  whistle.  This  sound  is  modi- 
fied by  the  passage  of  tlie  current  throtigii  the  fluid.  Before 
perforation  has  taken  place  inflation  gives  simply  the  sounds 
characteristic  of  fluid  within  the  tympanum. 

In  children  we  are  not  uncommonly  called  upon  for  an 
lion  immediately  following  an  attack  of  "  earache."    From 
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the  Iiistory,  vvc  learn  thai  the  morning  fcUowing  an  attack  a 
slight  ainouiit  of  inotMurc  was  present  upon  the  pillow,  and 
that  the  margin  of  the  orifice  of  the  meatus  was  coated  with 
a  yellowish  incrustation.  At  the  time  of  our  examination  no 
discharge  is  present  in  the  canal,  the  only  symptom  from  uhich 
the  child  is  snffcring  being  an  elevated  temperature.  Inspec- 
tion reveals  congestion  of  the  entire  membrana.  while  at  one 
point  we  are  able  to  make  out  a  locahzed  hiemorrhagic  deposit 
The  sigiiificaliiin  of  this  appearance  is  that  the  attack  was  of 
only  slight  severity,  anil  that  spontaneous  rupture  occurred. 
The  pressure  was  relieved  by  this  means  of  exit  to  the  elTiision, 
and  the  mivmtc  opening  has  already  closed.  Our  efforts  here 
arc  confined  to  the  prevention  of  subsc(iuent  attacks,  as  liie 
immediate  condition  h  nndcrgoing  spontaneous  resolution, 

B.  Funcl'wtial  Rxamiiuitiim. — OnUnnrily  the  pain  issogrejl 
in  these  cases  that  the  functimial  examination  is  seldom  niartc- 
\Vc  shall  find,  however,  that  the  tuning  fork  placed  in  the 
median  line  of  the  skull  will  be  referred  to  the  aflfeclcil  siilc; 
air  conduction  for  the  lower  portion  of  the  scale  will  he  want- 
ing or  much  diminished.  The  upper  tone  limit  may  be  nur- 
nial  or  slightly  ruilnced,  and  absolute  bone  conductitm  will !« 
increased.  The  power  of  audition,  both  for  speech  and  Cor 
shar[)  sotmds.  will  also  be  much  reduced. 

Prognosis. — These  cases  terminate  favorably,  as  a  rule, 
often  without  treatment.  Purulent  otitis  media  an<l  involve- 
ment of  the  mastoid  cells  occasionally  occur.  The  latter  con- 
dition may  supervene  whether  perforation  takes  place  or  tint, 

If  perforation  does  not  take  place,  the  case  may  fail  to  un- 
dergo complete  resohition.  ami  a  certain  amount  of  fluid  msy 
remain  in  the  tympanum,  causing  impaired  hearing  and  a  pet- 
sistence  of  subjective  noises.  If  the  rtiiid  is  absorbed,  the  mil* 
cons  membrane  may  fail  to  return  to  its  nonnal  condition  and 
become  the  seat  of  a  chronic  inllanunatory  process  cither  of  in 
hypertrophic  or  proliferative  type.  From  the  long-continiieJ 
presence  of  fltiid  within  the  tympanum  the  drum  membrane 
may  liccome  relaxed,  and  after  the  fluid  has  disappeared  tlii* 
change  of  tension  may  give  rise  to  subjective  noise,  and  lo  an 
impairment  of  audition  from  the  ease  with  which  it  \%  depressed 
when  the  atmospheric  jircssure  within  the  middle  ear  is 
diminished. 

When  perforation  has  taken  place,  the  opening  may  close 
spontaneously;  or  it  may  persist,  leaving  the  internal  wall  of  tJ'e 


PROGNOSIS. 


335 


tympanum  exposed;  or  the  ligamentous  structures  Avithin  the 
middle  car  may  umlcrgo  cicatricial  contraction,  displacing  the 
parts  and  interfering  seriously  with  their  function.  This  lat- 
ter condition  usually  results  when  the  inflammation  becomes 
purulent  in  ctiaractcr.  In  a  certain  proportion  of  cases  a  sim- 
ple catarrhal  inflammation  of  the  lower  portion  of  the  tym- 
jianuni  becomes  purulent  from  infection  throufjh  the  Kiista- 
chian  canal  before  the  pcrfonition  takes  ])lace.  This  is  particu- 
larly prone  !o  occur  when  the  process  is  active  and  the  parts 
within  the  tympanic  vault  arc  excessively  hypera:mic;  the  dis- 
ease then  follows  the  same  course  as  acute  purulent  otitis. 

The  prognosis  of  the  case  is  somewhat  influenced  by  the 
bacteriological  investigation  of  the  discharge.  In  cases  of 
simple  catarrhal  inflammation,  involving  the  lower  portion 
of  the  tympanic  cavity,  any  miero-orgauism  may  act  as  the 
exciting  cause  ol  the  disease.  In  those  cases  where  the  inflam- 
mation is  confined  to  the  lower  portion  of  the  middle  car.  the 
micro-organism  is  one  of  low  vitality.  Those  cases  wlierc  the 
disease  extends  upward,  involving  the  connective-tissue  struc- 
tures from  the  tympanic  vault,  however,  represent  a  type  of 
infection  of  exceeding  virulence.  In  order  that  the  surgeon 
may  judge  somewhat  as  to  the  further  progress  of  the  case,  it  is 
always  wise,  when  spontaneous  nipture  of  the  drum  membrane 
occurs,  to  make  a  bacteriological  examination  of  the  discharge. 
and  in  cases  where  the  pain  is  severe  and  where  rupture  does  not 
take  place  at  an  early  stage,  it  is  even  wise  to  incise  the  drum 
membrane,  and  examine  the  secretion  evacuated  by  incision  in 
order  lo  gain  some  idea  of  the  character  of  the  infection.  In  the 
mihl  cases  we  usually  find  a  staphylococcus  infection  present,  or 
one  of  the  less  active  forms  of  bacteria.  In  those  cases  where 
the  clinical  history  shows  the  disease  has  been  very  active,  where 
tlic  i>ain  has  licen  severe,  the  temperature  high,  and  the  local 
manifestations  havt*  appeared  within  the  course  of  a  few  hours, 
wc  frequently  find  that  we  have  to  deal  with  a  streptococcus 
infection,  or  wc  may  have  one  of  the  various  forms  of  diplococ- 
cus  Infection,  such  as  diplococcus  pneumonias.  Where  the  in- 
fection is  due  to  streptococcus  or  pncumococcus,  a  rather 
guarded  prognosis  as  to  the  involvement  of  the  adjacent  struc- 
tiire.i  should  be  given.  In  cases  of  staphylococcus  infection, 
the  |>atienl  may  I>e  reasonably  assured  that  the  disease  will  ter- 
minate favorably,  without  involvement  of  the  adjacent  bony 
parts. 
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Serious  inflaniiiialioii  of  the  intracranial  structures  probabljr 
neviT  (icciirs  when  the  disease  is  of  a  calarrtial  ty|>e.  In  chil- 
dren, where  the  tyiniwiiic  roof  is  exceedingly  iKin,  it  is  not 
improbable  that  meninges  in  the  imme<liaic  neighborhood  are 
conjfesled ;  ln:t  the  process  stO])s  here,  and  a  true  meningitis  is 
not  (IcvTlnped. 

Treatment — Tlie  first  indication  is  the  relief  of  pain.  The 
patient  slioiild  be  put  to  bed.  and  a  saline  cathartic  adininislercd. 
While  in  the  very  early  stages  of  the  disease  ihc  administration 
of  cither  opium  or  morphine,  internally  or  hypodermatically, 
may  he  permissible,  experience  has  taught  me  that  this  plan  of 
trcatniciit  is  unwise  and  shoiikl  not  be  employed  except  in 
rare  instances.  Local  bloodletting  may  be  employed  either 
by  means  of  the  ariificial  or  natural  leech,  the  blood  being  ab- 
stracted from  the  region  immediately  in  front  of  the  tragus. 
Personally,  a  rather  large  experience  has  convincetl  me  thai 
local  bloodletting  is  of  little  value  in  these  cases.  It  may.  how- 
ever, be  employed,  and  perhaps  in  certain  cases  n»ay  be  justi- 
fiable. In  my  own  practice,  however.  I  have  never  seen  any 
good  results  follow  this  measure,  and  1  have  entirely  abandoned 
iis  use. 

The  application  of  drj-  heat  is  certainly  of  vahie  in  rehev- 
iiig  |iain.  and  ilocs  not  interfere  with  measures  directed  toward 
aborting  the  attack.  The  most  convenient  means  of  applying 
this  is  by  means  of  a  hot-water  bag  or  Japanese  pocket  stove. 
Moist  heat  is  objectionable,  since  it  favors  venous  congestion, 
softcits  the  tissues,  and  hastens  local  necrosis,  rather  aiding  the 
development  of  the  process  wc  desire  to  abort.  Theoretically 
cold  applications  wonld  be  of  benefit;  hut  the  presence  of  any 
llnid  of  low  temperature  within  the  external  auditory  canal  is 
painful  under  ordinary  circumstances,  and  when  the  parts  arc 
acutely  intlnmed  it  is  unliearablc. 

It  is  decidedly  unwise  to  instill  any  oily  solutions  into  the 
canal  for  the  relief  of  pain.  This  practice  is  very  common, 
and  only  serves  to  obscure  the  parts  rthen  an  examinatitm  is 
made,  an<l  ])ossesses  absolutely  no  therapeutic  value.  A  so- 
lution of  carbolic  acid  in  glycerin,  in  the  proportion  of  one 
to  twenty,  is  sometimes  of  sen'ice,  and  there  is  no  objection 
to  its  use.  The  same  may  he  said  of  at|ueous  solutions  of  mor- 
phine, atropine,  and  cocaine.  The  relief  obtained  is  u.iually 
temporary,  and  we  simply  prolong  the  duration  of  Uic  disease 
by  their  use- 
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abort  the  attack,  anil  the 


1  continuing,  we 
incision  of  the  membrana  tympani.  h  is  of 
frrcat  importance,  1  believe,  to  perform  this  operation  early, 
and  not  to  wait  until  it  is  evident  that  spontaneous  rupture 
will  take  place  unless  the  tliiid  is  evacuated  arlificially.  The 
local  depletion  secured  by  the  operation  is  of  great  value,  while 
the  relief  to  pain  is  usually  immediate  and  permanent.  If.  then, 
at  the  end  of  twelve  hours,  the  patient  still  comjilains  nf  pain, 
the  membrana  tympani  should  be  freely  incised.  When  dis- 
tinctly bulging-,  the  centre  of  the  incision  should  he  over  the 
most  prominent  point;  but  in  tlie  absence  of  any  particular 
sign  to  guide  us.  the  knife  should  be  entere<l  close  to  the 
periphef)'  of  the  membrana  tympani.  just  below  the  posterior 
fold,  and  the  membrana  completely  divided  by  a  curved  Incision 
downward  to  its  inferior  pole,  the  incision  lying  entirely  within 
the  clear  membrane  and  parallel  to  its  line  of  insertion.  It  is 
also  wise  to  incise  at  the  same  time  the  membrane  of  the  inter- 
nal tympanic  wall  to  secure  additional  depletion,  This  pro- 
cedure is  of  value  even  wlicn  but  a  small  amount  of  transuda- 
tion has  occurred.  The  operator  should  be  exceedingly  careful 
to  use  a  knife  which  wilt  pass  through  the  membrane  by  its  own 
weight,  under  which  circumstances  scarcely  any  pain  is  expe- 
rienced. Attempts  to  anxsthetize  the  membrana  tympani  by  a 
strong  solution  of  cocaine  scarcely  iliininisli  the  pain  instant 
upon  the  operation.  In  infants  chloroform  is  the  ideal  anres- 
thctic,  while  in  older  children  and  in  adults  nitrous  oxide  should 
^  used. 

^b-Before  operating  the  field  should  be  rendered  aseptic  in 
!nc  manner  already  described  in  the  consideration  of  the  similar 
operation  in  the  chapter  on  tid)0-tympanitis.  After  the  mem- 
brana has  been  divided,  irrigation  with  a  warm  antiseptic  solu- 
tion relieves  whatever  pain  may  be  present,  and  ai<ls  the  divided 
ves.sels  to  return  to  their  normal  calibre.  If  section  is  per- 
formed early  we  may  cut  short  the  attack,  the  incision  closing 
at  the  end  of  thirty-six  or  forty-eight  hmirs,  and  the  symptoms 
subsiding  completely.  When  the  operation  has  been  post- 
poned until  the  process  is  welt  advanced,  the  discharge  ordi- 
narily continues  for  a  period  of  two  to  ten  days,  and  may  he 
quite  profuse  at  first.  During  the  period  of  iHschargc  which 
may  follow  either  spontaneous  rupture  or  evacuation  by  sup- 
gjcal  interference,  the  canal  must  be  kept  thoroughly  cleansed. 
end  is  best  attained  by  the  frequent  use  of  the  ear  syringe 
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in  the  hands  of  an  attendant.  The  cleansing  fluid  may  be 
cither  water  which  has  been  boiled  and  allowed  to  cool  until  ii 
can  be  tolerated  by  the  patient,  or  a  mild  antiseptic  solution 
may  be  used.  The  frequency  with  which  irrigation  may  be  ptr- 
formed  will  depend  upon  the  amoiuit  of  discharge.  .\t  first 
the  ear  may  rt'<|nire  cleansing  six  times  daily;  the  internal  ii 
gradually  prolonged  as  the  discharge  becomes  less  viscid  and 
diminished  in  qiianlity.  It  isimportnnt  that  these  cases  shoiilii 
be  seen  at  first  daily  by  the  surgeon  himself,  at  which  time  any 
fluid  within  the  tympanic  caviiy  should  be  thoroughly  evacu- 
ated by  the  use  of  the  air  douche,  the  parts  being  aftenvanl 
ilried  with  absorbent  cotton.  It  has  been  my  practice,  whttt 
T  have  been  able  to  observe  the  case  daily,  to  insufflate  a  m;il1 
amoinit  of  boric  acid  into  the  canal  after  cleansing,  thus  5^ 
curing  a  permanently  aseptic  condition  of  the  parts,  and  giianl- 
ing  against  carelessness  on  the  part  of  tlie  attendant,  which 
might  result  in  infection.  Under  nn  condition  is  a  lar^e  amount 
of  powder  to  be  introduced  into,  the  car,  and  unless  the  e.irk 
inspected  daily  it  should  be  a  cardinal  nile  that  no  powJers 
are  to  he  used.  When  the  discharge  has  nearly  ceased,  and  is 
so  small  in  amount  that  it  does  not  appear  in  the  external  mea- 
tus when  the  ear  is  left  undisturbed  for  twenty-four  hours. 
more  prompt  recovery  takes  place  if  (lutd  applicati<ms  are  dis- 
continued entirely,  tlie  discharge  being  removed  by  absorbfUt 
cotton,  after  which  a  small  amoimt  of  boric  acid  is  dusted  over 
the  parts.  This  snfticcs  to  prescn-e  an  aseptic  condition,  wliilc 
a  complete  absence  of  fluid  causes  a  more  speedy  return  to  i 
normal  condition. 

Instead  of  irrigation  of  the  canal,  some  surgeons  prffer 
after  incision  of  the  drum  membrane,  to  insert  a  strip  of  sterile 
gauze  into  the  meatus,  thus  securing  drainage,  a  sterile  dress- 
ing being  applied  over  the  ear.  If  this  plan  is  followed,  it  «* 
necessary  to  change  the  dressing  at  least  twice  daily.  This,  in 
private  practice,  naturally  entails  considerable  loss  of  lime  oil 
the  part  of  the  surgeon.  Murcover,  the  continued  presence  ol 
the  discharge  in  the  canal  tends  to  cause  a  softening  of  llw 
tissues  of  the  meatus,  and  not  infrequently  local  infection  of 
Ihcsc  (issues  occurs.  In  my  own  experience,  this  method  rf 
drainage  has  proved  very  inferior  to  the  treatment  of  these  cas^ 
by  regular  irrigation. 

In  cases  of  spontaneous  rupture  the  opening  may  be  so 
small  that  drainage  is  not  perfect.     When  these  cases  arc  «en 
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late  in  llie  course  o(  *he  disease,  oiir  first  efforts  shotilil  Ije 
<lireciefl  (owani  enlargiiifr  the  opening  and  tlioronghly  cleans- 
ing (he  tyniianic  cavity  l)y  driving 
otit  the  contained  lluid  with  the  :iir 
doudic.  If  this  docs  not  suftkc.  the 
tympnnum  may  be  washed  out  with  a 
»itiirat<.-d  solution  of  lioric  acid  by 
nw.nns  of  the  middle-ear  syringe 
(shown  in  Fig.  99).  If  examination 
shows  the  lining  mucous  membrane  to 
be  considerably  thickened,  the  instilla- 
tion of  a  few  drops  of  a  two-pcr-ceut 
solution  of  nitrate  of  silver  or  a  foiir- 
per-ceni  solution  of  sulphate  of  zinc 
sutficcs  lo  correct  the  condition.  In 
many  cases  a  single  application  \& 
ffillowed  by  a  complete  aire.  The 
medicinal  solutions  arc  instilled 
either  with  the  middle-ear  syringe 
or  a  simple  middle-ear  pipeltc  of 
glass.  Care  should  be  taken  when 
nitrate  of  silver  is  useil  to  begin  with  a  very  weak  solution, 
since  the  juiticnt  may  pijssess  a  jH-'culiar  idiosyncrasy  toward 
this  drug,  and  the  reaction  following  its  application  may  I)e  se- 
vere, jr.  after  die  first  trial,  ue  find  the  parts  tolcmnt.  the 
sircngtli  may  be  gra<hially  iiicreasecl  until  the  desired  rcsiilis  are 
obtained.  When  Ihc  pharynx  is  fille<I  with  hyperirophied  lym- 
phatic tissue,  we  find  that  the  case  is  particularly  liable  lo  3 
relapse  when  the  discharge  has  almost  ceased.  There  is  no 
reason  why  the  presence  of  an  otitis  media  of  this  character 
>Jiould  inflxjeiice  us  to  delay  the  removal  ni  the  hy])ertrophied 
lymphatic  tissue  after  the  acute  aural  symptoms  have  subsided. 
Its  removal  will  l>e  necessary  to  prevent  subsequent  similar 
seizures,  and  will  certainly  favor  a  rapid  termination  of  the 
present  attack. 

After  the  opening  of  the  mcmbraiia  tympatii  is  closed,  the 
liaticiK  stioukl  be  kept  under  observation  until  the  iKirt.s  pre- 
sent a  i>erfectly  normal  appearance.  A  certain  amount  of  re- 
laxation of  the  dnmi  mcmbraiic  ar\d  of  the  intratj-mpanic  lig- 
aments follows  an  inllanmiation  of  this  cbanicter,  and  may 
result  in  the  formation  of  adhesions  in  the  tym|Kinnm  unless  cer- 
uin  measures  are  instituted  to  prevent  it.     Inflation  of  the 


340 


mi<ldle  ear  should  be  practiced  at  first  daily,  and  subsequently 
at  longer  intervals,  unlil  all  traces  of  congestion  disappear  and 
the  nieinbmiie  retains  its  nonii:il  position. 

In  .these  cases,  and  also  in  instances  where  the  memhrana 
tympani  remains  intact,  a  certain  amount  of  fluid  may  be  left 
in  the  middle  ear.  The  appltcatifni  of  stimulating  vapors  to 
the  lining  membrane  of  ihc  cavity  will  hasten  absorirtion  of  Ihts 
residual  tlnirl.  ]*'(»r  this  piiriH»sc  nothing  is  better  than  thf 
vapor  from  an  alcoholic  solution  of  menthol,  sixty  grains  to 
the  ounce.  Oil  of  eucalyptus,  or  pinc-nccdlc  oil  of  the  stren^h 
of  a  drachm  to  the  ounce,  may  also  l)e  employed,  the  vapor 
being  cnnveyt-d  to  the  middle  ear  through  the  Eustachian  cathe- 
ter. The  introduction  of  simple  or  medicated  steam  into  the 
tympanum  has  fallen  somewhat  into  disuse.  It  possesics  no 
advantages  over  dry  vapors,  and  its  use  is  attended  with  a  cer- 
tain amount  of  discomfort  to  the  patient  and  is  tedious  for  Ihe 
operator. 

Subjective  noises  may  persist  for  a  considerable  time  afifr 
hearing  has  returned  to  a  practically  normal  condition.  The 
question  of  a  secondary  jnflnmmrition  of  the  bhyrinth  prewnis 
itself  at  thi.i.  i»eriiMl.  I'rom  oliser\-ation  of  a  large  number  of 
iratienis  we  find  that  the  labyrinth  is  seldom  seriously  involved 
in  litis  disease.  The  subjective  noises  ultimately  di.iapucar 
when  the  mucous  membrane  of  the  tympanum  returns  to  an 
absolutely  normal  condition.  The  failure  of  this  symptom  W 
disappear  need  give  rise  to  no  uneasiness.  When  the  noi«s 
are  particularly  distressing,  relief  is  obtained  by  the  administra- 
tion of  dilute  hydrobromic  acid  in  doses  of  thirty  to  forty-five 
minims  two  or  three  times  daily.  The  susceptibility  of  the  re- 
ceptive centres  is  blunted,  and  after  the  noises  have  once  "lis- 
apj»eare«l  they  seldom  recur.  It  is  wise  to  avail  ourselves  d 
the  use  of  the  clnig.  .since  the  continued  stimulation  of  lli'S 
(xirt  nf  the  receptive  apparatus  rather  militates' against  an  caHj" 
disappearance  of  the  symptom. 
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The  presence  of  pus  in  any  locality  depends  upon  a  nc- 
crolic  process  involving  the  deeper  ti-isues  of  the  TCRJon.  In 
the  middle  ear  the  upper  jiortion  nf  the  tympanic  rrivity  pre- 
sents an  exteedingly  favorahle  site  for  the  dcvclc>]>inenl  of  a 
pnndcni  iiinamniatiun,  since  in  this  region  considcrahlc  con- 
nective tissue  is  present,  forming"  the  framework  of  the  mucous 
re<Iiiplicati()ns  of  the  tympanic  vauh.  as  well  as  of  the  hgamen- 
tous  bands  fixing  the  ossicles  to  the  walls  of  the  tympanum  and 
uniting  them  to  each  other. 

A  purulent  otitis  me<lia  primary  in  character  is  indicative 
of  an  infection  in  this  region,  as  (iistinguished  from  a  similar 
process  involving  the  lower  portion  of  the  tympanic  cavity. 

iEtioIogy. — In  order  that  tissue  necrosis  may  take  place, 
the  organism  producing  it  must  possess  a  certain  amount  of 
virulence.  One  of  the  most  common  causes,  therefore,  of  puru- 
lent otitis  media  is  some  acute  infectious  disease.  Tlie  afTcclion 
most  frequently  followed  by  the  disease  under  consideration 
is  measles,  although  it  may  appear  during  the  course  of  scnrl.i- 
lina.  pneumonia,  epidemic  influenza,  variola,  typhus,  or  cerebro- 
spinal meningitis.  It  oftens  follows  the  introduction  of  (hiid 
into  the  middle  ear  through  the  Eustachian  lube.  The  exten- 
sion of  an  external  otitis,  cither  diffuse  or  circumscrilicd,  may 
set  up  a  punilent  otitis  media,  access  to  the  middle  car  lu*iug 
gained  through  the  Rivinian  segment.  The  rupture  of  the 
drum  membrane,  cither  from  any  foreign  body  introduces!  into 
the  meatus  or  by  violent  inflation  of  the  tympanum,  may  be 
fttllowed  by  a  similar  result. 

Occasionally  vegetable  molds  developing  in  the  canal  in- 
volve the  miildle  ear  by  continuity.  A  purulent  inflammation 
in  any  other  part  of  the  body  may  infect  the  tympanic  cavity 
secondarily,  although  this  is  an  uncommon  occurrence.  As 
[stated  in  the  previous  chapter,  the  disease  may  follow  an  acute 
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catarrlial  otitis  media  by  infection  of  the  exudation  either 
through  the  Eustachian  tube  or  after  it  has  Kained  an  exit 
through  the  drum  membrane  and  appeared  in  the  external 
meatus. 

Pathology. — Tlie  first  stages  of  the  process  consist  in  a 
h)]ier;emia  of  the  affected  parts.  The  folds  in  the  vauh  of 
the  tympanum  become  engorged  with  lilood,  increase  in  vol- 
ume, and  often  fill  the  s|)arc  completely,  shutting  ofT  all  com- 
munication with  the  atrium.  This  period  of  congestion  is 
followed  by  a  transudation  of  the  fJuid  elements  of  the  bloo<I 
and  a  mig-ration  of  white  blood  cells.  Following  (his,  local 
necrosis  takes  place,  the  tissue  breaking  down  with  the  forma- 
tion of  pus.  A  bacteriological  investigation  of  the  discharge 
in  these  cases  will  most  frciiucntly  reveal  a  streptococcus  infec- 
tion. Occasionally  a  pncumococcus  will  be  found.  In  order 
thai  the  connective-tissue  stnicturcs  of  the  vault  may  be  in- 
vadctl,  it  is  ncccssar>'  that  the  gcmi  causing  the  infection  should 
IiK  one  of  c<.in,sidcrabie  virulence,  the  less  active  varieties  of 
infectious  germs  not  being  sufficiently  virulent  to  attack  con- 
nective-tissue sinictures.  As  the  result  of  the  local  crdema 
the  blood  supply  of  the  ossicular  chain  is  considerably  interfered 
with,  and  bony  necrosis  may  occur  quite  early.  This  usually 
takes  place  first  in  the  incus,  on  account  of  the  limited  blood 
supply  in  proportion  to  its  size,  and  the  fact  that  its  nutrient 
vessels  pursue  such  a  course  as  to  be  subjected  to  pressure 
cpiilc  (Mrly  in  the  attack.  The  surrounding  walls  of  Ibe  tym- 
panum may  also  becunie  involved,  although  this  rarely  occurs 
early  in  the  di.seasc.  Occasionally  the  process  may  start  as  an 
acute  osteitis  cither  of  some  portion  of  the  ossicular  chain  or 
of  the  bony  walls  of  the  tympanum,  the  soft  parts  being  in- 
volved secondarily.  This  condition  is  occasionally  met  with 
in  patients  suffering  from  tuberculosis. 

After  the  inflanmiation  is  fully  developed  and  the  parts  have 
become  engorged  with  blood,  transudation  of  the  fluid  ele- 
ments of  the  blood  takes  place,  together  with  migration  of  the 
white  blood-corpusclcs  which  pass  out  of  the  vessels  into  the 
surrounding  tissue:  the  fluid  transuded  naturally  gravitates  to 
the  lowest  portion  of  the  cavity.  The  exact  position  occupied 
by  the  Huid  will  depend  upon  the  panicular  formation  of  the 
tympanum  in  any  inclivitlual  case;  occasionally  the  mucous- folds 
are  so  developed  that  the  tran.sndation  is  contine<l  and  does  not 
enter  the  general  tympanic  cavity,     tt  will  be  remendjered 
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that  the  long  process  of  the  incus  passes  downward  from  the 
body  of  the  ossicle  into  the  atritim;  this  fact  plays  an  important 
part  in  ihe  cases  under  consideration,  since,  when  the  tissues 
within  the  tympanic  vault  arc  mucli  swollen,  the  long  process 
of  the  incus  fomis  a  natural  drain  along  which  the  fluids  may 
pass  into  the  lower  portion  of  the  tympanic  cavity  from  the 
Space  above.  We  find  that  where  the  inflamniator)'  products 
from  the  vault  collect  in  the  atrium  and  subsequently  perforate 
(he  membrana  tynipani  this  perforation  lies  in  the  upper  and 
posterior  quadrant  close  to  the  tympanic  ring  and  just  below 
the  incudo-stape<lial  articulation.  The  fact  that  perforations 
located  in  this  region  are  pcrsi.stcnt  and  that  the  inflammaory 
processes  devclo(>cd  here  arc  specially  painful  is  a  fact  that  has 
long  been  nate<l;  its  particular  significance,  however,  has  brni 
explained  but  lately.  Sometimes,  owing  to  the  topography 
of  the  organ,  the  upper  part  of  the  cavity  is  completely  <lividcd 
from  the  lower  portion.  The  inflammator)-  products  in  these 
cases  can  not  pass  along  the  descentling  arm  of  ihe  incus  into 
the  atrium,  and  therefore  crow<l  the  upper  portion  of  the  mem- 
brana tym]>ani  outward.  Iliis  bulging  of  the  membrana  flac- 
ciila  is  particularly  characteristic,  and  is  sometimes  present  to 
such  a  degree  that  the  distended  portion  sJiilts  down  over  the 
membrana  vibrans.  partially  or  completely  concealing  it  from 
view.  I  have  seen  one  instance  in  which  the  hulging  was  so 
extensive  tluit  the  memlimna  flaccida  protnide<l  from  the  mea- 
tus and  might  easily  have  been  mistaken  for  a  polyp.  UjHjn 
incision  »  large  amoinit  of  fluid  was  evacuated,  retraction  took 
place.  an<i  examination  revealed  the  opening  in  the  superior 
quailrant  ju.st  above  the  posterior  fold.  It  is  probable  that  those 
cases  of  otitis  media  in  which  the  atrium  seems  to  be  the  pri- 
mary seat  of  pundent  inflammation  are  really  instances  in 
which  the  inflammatory  products  have  |Kissed  from  the  vault 
into  the  atrium  along  the  long  process  of  the  incus,  as  it  is 
hanlly  possible  for  a  purulent  inflammation  to  originate  in  a 
cavity  whose  mucous  lining  is  closely  applied  to  the  liony  walls. 
Where  evacuation  does  not  occur,  either  spontaneously  or  at 
the  liami  of  the  surgeon,  the  fluid,  may  dissect  the  soft  tissues 
of  the  canal  for  a  certain  distance  along  the  superior  and  pos- 
terior wall,  since  in  this  region  the  periosteum  of  the  canal  is 
ilirectly  continuous  with  the  membrana  flaccida  and  is  but 
Icxisely  attached  to  the  Iwny  margin  of  the  meatus.  This 
givcsrisc  tnasinkingof  thepostero-superior  wallof  the  mcatiLs 
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and  a  narrowing  of  the  deeper  portion  of  the  canal.  The  pt 
may  burrow  aloiiR  the  entire  lenf;th  of  the  wall  and  make  its 
appearance  in  the  post-auricular  region  as  a  soft,  fluctualjng 
swelling.  This  is  particularly  liable  to  occur  in  children,  where 
the  tissues  are  less  firmly  attached  to  the  iwrts  beneath,  and 
the  mcmbrana  tympani  is  so  superficially  placed.  Cases  of  this 
clajis  are  particularly  prone  to  mastoid  complication. 

Examination  of  a  tai^e  nuin!>er  of  cases  teaches  us  that  the 
mastoifl  is  usually  involved  before  the  soft  jMirts  covering  the 
postcro-snpcrior  wall  of  the  canal  become  detached  from  the 
underlying  bone.  Hence,  evidence  of  a  collection  of  fluid  in 
this  region  constitutes  an  abtios!  pathognomonic  sign  of  mas- 
toid inllammalion.  In  children,  where  the  purulent  collection 
has  dissected  off  the  posterior  wall  of  the  canal  and  formcit  a 
post-aural  abscess,  the  periosteum  on  the  outer  surface  of  the 
tcnipora]  bone  may  become  detached  unless  the  flnid  is  freely 
evacuated,  and  infection  of  the  intracranial  structures  may  take 
place  either  through  the  mastoid  squamous  fissure  which  re- 
mains open  (or  a  considerable  period  after  birth,  or  a  local- 
ized caries  or  necrosis  of  the  squamous  portion  may  lake  place 
on  account  of  interference  of  the  blood  supply,  and  direct  in- 
fection follow.  Several  cases  of  this  character  have  been  re- 
ported, and  it  has  fallen  to  my  lot  to  witness  two  *^-one  in  a 
child  and  one  tn  an  adult.  The  involvement  of  the  cranial  con- 
tents in  this  manner  is  the  exception,  the  infection  usually  tak- 
ing place  either  through  the  tympanic  roof  or  through  one  of 
the  large  venous  sinuses  in  the  immediate  neighborhood  of  the 
middle  ear.  Either  condition  may  occur  by  a  transmission  of 
tiie  infecting  material  ihrtuigh  the  cnmnnmicating  venous  chan- 
nels, or  local  caries  may  Like  place  and  a  large  amount  of  pus 
be  brought  in  contact  with  the  surface  of  the  meninges  or 
enter  directly  into  the  blood  current  through  one  of  the  large 
sinuses. 

Symptomatology. — The  characteristic  symptoms  of  an 
acute  purulent  otitis  is  sudden  and  excruciating  pain  deep 
within  the  e.ir.  .Attending  this  we  have  a  decided  elevation 
of  temperature,  tlie  thermometer  registering  from  ioi°  to  103", 
severe  headache,  constipation,  and  marked  constitutional  de- 
pression. The  hearing  becomes  rapidly  impaired,  there  is 
often  distressing  tinnitus,  and  in  some  cases  vertigo.    When 

*  AfdiivMnof  Ot«laQr,  vol.  xxl,  p.  353. 
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tlie  disease  occurs  in  children  the  syi)i]>tom.s  are  even  more 
marked,  ilie  ailack  being  (reqtienlly  ushered  in  with  general 
convulsions.  Tlie  i>ain  changes  (luiekly  from  one  locaUzed 
within  the  car  to  a  rather  (UlTusc  headache  upon  the  alTcctcd 
(Side.  In  severe  cases  even  in  adults  (icllrium  is  occasionally 
present.  High  tcm]>eraturc  in  marked  contrast  to  the  very 
mmleratc  increase  ohserved  in  an  acute  c.itarrhnl  inflammation 
indicates  the  more  profoinid  constitutional  infection.  The  pain 
continues  inialKitcd  unless  relieved  artificially  until  the  inllam- 
matory  products  arc  evacuated.  This  may  not  occur  for  sev- 
eral days  if  the  condition  is  not  interfered  with.  Tlie  occurrence 
of  <lischargc  offers  sonic  rcUcf  to  the  pain,  although  it  cKies 
not  entirely  remove  it,  since  the  tissues  are  so  (edematous  that 
the  opening  is  seldom  Ui^je  enough  to  permit  free  drainage. 
The  fiuid  that  tills  the  auditory  canal  is  usually  at  first  sero- 
punilent.  hut  quickly  changes  to  a  distinctly  purulent  charac- 
ter. Involvement  of  the  mastoid  cells  may  occur  before  the 
appearance  of  discliarge  or  at  a  suhseijucnt  period.  In  either 
event  il  is  characterir-ed  hy  increased  pain,  and  an  augmenta- 
tion in  the  severity  of  all  of  the  general  symptoms.  The  loca- 
tion of  pain  changes  somewhat  and  is  referred  to  the  region 
immediately  liehind  the  auricle  rather  than  to  the  car  itself. 
Involvement  of  the  structures  witliin  ihc  cranial  cavity  is  usu- 
ally characterized  hy  an  increase  in  the  leniperaturc,  vi<jlcnt 
delirium,  convulsive  movements  follnwed  hy  iKiralysis  or  pare- 
sis, cither  njion  the  corresponding  or  the  nppositc  side,  accord- 
ing to  the  particular  area  involved.  When  in\'asion  of  one  of 
the  large  sinuses  of  the  dura  mater  lakes  place  cither  from  the 
middle  ear  itself  or  from  the  subsequent  mastoid  involvement, 
symptoms  of  pyxmic  infection  appear.  These  are  a  sudden 
high  lemjwrature.  frequently  reaching  105**  or  106*^,  with  an 
e[|ually  sudden  return  to  normal  or  even  to  snhnormal.  pro- 
fuse sweating,  and  rigors.  Tliesc  changes  in  temperature  are 
repeated  at  intervals  varying  from  a  few  hours  to  one  or 
t^vo  days. 

Evidences  of  extension  to  the  lahyrinth  are  the  sudden  ap- 
pearance of  dizziness,  nausea,  and  either  absolute  deafness  for 
all  notes  or  complete  loss  of  perception  for  certain  portions 
of  the  musical  register,  usually  the  high  notes  of  the  scale. 
Extension  in  this  direction  is  rather  unusual,  a  fact  which 
would  suggest  that  the  vascular  communication  between  the 
middle  ear  and  the  lahyrinth  through  the  intervening  bony 
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wall  is  nol  as  extensive  as  the  investigations  of  Polilzcr  *  wotiU 
cause  us  to  believe. 

Diagnosis. — A.  Physical  fj-omMroiion.— Recognition  o(  ihii 
contlition  in  its  very  early  stages  is  of  the  utmost  importance, 
since  the  disease  is  ahvays  a  severe  one,  being  dangerous  rot 
only  lo  the  function  of  the  organ,  but  often  to  life  iiseU.  Par- 
ticular attention  should  be  given  to  an  inspection  of  those  [laris 
lying  above  the  short  process  of  the  malleus  whenever  seveie 
pain  in  the  ear  is  complained  of.  It  is  the  nilc  that  in  ihe 
very  early  stage  that  portion  of  the  mcmbnina  tympani  alom, 
lying  above  the  short  process  of  the  malteus.  is  the  only  jwrt 
which  presents  the  slightest  departure  from  the  normal  appear- 
ance. Here  close  inspection  will  reveal  the  fact  that  the  mem- 
l)rane  is  ilistinclly  congested,  presenting  a  deep  dull-red  color 
characteristic  of  a  high  degree  of  venous  engorgement  of  the 
underlying  structures.  This  hypcra:niia  docs  nol  extend  lielowt 
and  frequently  not  as  far  as  the  posterior  fold.  and.  if  a  hasty 
examination  be  made,  may  entirely  escape  observation.  It  is 
in  this  very  early  stage  that  prompt  measures  may  serve  lo 
abort  the  attack;  hence  the  stress  which  is  laid  upon  the  plirs- 
ica)  characteristics. 

When  viewed  somewhat  later,  well-marked  engorgement 
of  these  stnictures  is  seen  to  be  present,  the  membrana  flac- 
cida  being  pushed  outward  and  somewhat  down- 
ward (Fig.  lOo).  The  entire  region  is  of  a  deep- 
red  color,  the  parts  being  edematous,  (he  exter- 
nal surface  moist,  and  the  nonnal  lustre  entirely 
wanting.    The  tumefaction  may  be  bo  great  as 

to  actually  sink  downward  into  the  canal  to  thf 
Fig.  ioo. — Acucc    i        i      /  .1         i  1  -. 

punitciii  uiiiis   le^el  01  the  shuri  jjrocess,  or  may  overhang  il. 
media. bulging    WhcH  wcll  advauccil.  ilic  hvpencmla  becomes 

of     mcmbtann  »  1  ■         t  • 

flnccido.  geuenu.  and  mvolves  the  entire  tympanic  mem- 

brane. Sometimes  the  short  process  may  be 
completely  hidden  by  the  cedenia  of  the  surrounding  parts. 
although  this  landmark  can  usually  he  found  if  sought  for  care- 
fully.   The  outline  ot  the  mannlirium  is  almost  atwavs  lost. 

In  cases  complicating  scarlatina,  or  any  disease  where  the 
infection  lias  been  sudden  and  violent,  an  appearance  which 
may  deceive  is  one  in  which  the  membrana  tympani  presents 
a  dead-white  color.    This  is  due  to  a  necrosis  of  the  superfi- 
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cial  epithelium  covering  it,  the  loss  of  lustre  being  character^ 
istic  of  the  contiitioii.  This  superficial  layer  is  easily  removed 
by  the  colton-tip[)c(l  probe,  and  reveals  the  red  membrane  be- 
neath. Where  fluid  has  drained  into  the  lower  portion  of  the 
tynipanic  cavity  the  entire  membrana  tynipani  may  ImlRc  into 
the  canal  instead  of  presenting  a  localized  bulnin^  area  at  the 
upper  part.  The  appearance  then  does  not  differ  from  that 
shown  in  Fig.  98.  The  secretion  may  be  so  confined  by  the 
mucous  folds  within  the  tympanum  as  to  present,  upon  exam- 
ination, several  tumefied  masses  lying  in  the  fundus  of  the 
canal  close  to  the  superior  wall.  These  may  be  two  or  three 
in  number,  according  as  the  fluid  is  confined  in  the  anterior  and 
posterior  pockets  of  the  membrane,  or  has  entered  these  and 
the  median  space  known  as  the  pocket  of 
Troeltsch  as  well  (Fig.  loi).  Inspection  of 
such  a  case,  where  a  clear  history  can  not  be 
obtained  as  to  the  length  of  time  the  iliscase 
has  lasted,  is  misleading,  the  bulging  areas 
being  frequently  mistaken  for  masses  of  granu- 
lation tissue.  Where  perforation  has  taken 
place  spontaneously,  we  most  frequently  find 
the  opening  in  the  posterior  portion  of  the 
membrane,  just  above  the  centre  and  near  its 
peripheral  attachment.  It  may  also  appear 
above  the  jKJSterior  foKI  and  be  entirely  within  the  membrana 
Baccida.  When  this  occurs  it  usually  fumis  the  apex  of  an 
irregular  conical  projection  from  Shrapncll's  menihranc,  the 
margins  of  the  perforation  being  swollen  and  irregular  Jn 
outline. 

Forcing  air  into  the  middle  ear  through  the  Eustachian 
lube  before  perforation  has  taken  place  may  not  reveal  the 
presence  of  fluid,  since  the  collection  may  be  confined  entirely 
to  the  vault.  After  perforation  has  taken  place,  even  vigorous 
efforts  at  inflation  may  not  force  air  through  the  opening  in 
the  drum  membrane,  and  give  rise  to  the  characteristic  per- 
foration whistle.  It  may  even  fail  to  force  any  secretion  from 
the  tj-mpanic  cavity  on  account  of  the  extreme  swelling  of  the 
lining  membrane, 

B.  Funclimial  Examination. — The  functional  examination  in 
these  cases  reveals  a  condition  identical  with  that  described  in 
the  preceding  chapter  on  acute  catarrhal  otitis  media. 

When   the   labyrinth   is  encroached    upon   by    extension 
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through  the  oval  or  round  window,  \vc  find,  in  addition,  tk 
diminution  in  hone  conduction  and  loss  of  percejiiiun  of  upper 
notes  of  the  scale. 

Prognosis. — An  otitis  media  of  this  variety  can  termimie 
in  spontaneous  recovery  witlioiit  loss  of  tissue  only  vvlwn 
the  inftainniaiory  process  does  not  progress  beyond  the  stage 
of  congestion.  When  once  pus  is  formed  it  must  be  evacu- 
ated, and  hence  resolution  is  iinpossible  after  this  perioJ. 
With  the  craciiation  of  the  fluid  the  perforation  may  hea!  and 
the  parts  be  restored  to  tlieir  normal  condition.  Such  a  (or- 
tnnate  tennination  is  seldom  to  be  looked  for,  however,  m- 
der  ilie  most  favorahle  conditions,  and  cases  which  are  un- 
treate<l  nsnally  present,  after  the  disease  has  run  its  course,  i 
destruction  of  the  mcmbrana  lympani  over  a  greater  or  km 
area. 

The  internal  wall  of  the  middle  car  may  be  covered  by  a 
cicatrix  cxtcn<linfr  from  the  niarffins  of  the  opening  in  the 
tympanic  nicnihnitie  to  the  osseous  wall  of  the  mid<ne  eat. 
practically  converting  it  into  a  closed  cavity.  In  other  instances 
where  the  menibrana  tympani  has  been  almost  comi>Ietely  *!e- 
slroyetl  we  find  the  internal  wall  presenting  a  pale,  glazed 
appearance;  the  parts  are  perfectly  dry,  and  the  mucous  rneni- 
branc  has  become  changed  to  one  which  does  not  sccrelc 
moisture.  Apain,  the  internal  wall  of  tlie  tympanum  niny  be 
somc^v■hat  thickened  and  moistened  by  its  normal  mucous 
secretion  withont  any  discharge  appearing  in  the  canal.  The 
osslcidar  chain  is  usually  bound  down  to  the  internal  tympanic 
wall, at  various  points  by  cicatricial  bands.  Tlie  amount  of 
interference  with  the  function  varies  in  diflferent  cases  ardik- 
pends  upon  the  location  of  adhesions. 

In  the  majority  of  instances,  in  cases  which  have  been  un- 
treated during  an  acute  attack,  a  chronic  purulent  otitis  devel- 
ops, and  careful  investigation  will  show  areas  of  bony  nccrosi* 
either  in  the  walls  of  the  tympanum  or  confined  to  the  ossicular 
chain.  The  location  of  the  perforation  and  its  diagnosiic  sig- 
nificance in  cases  where  the  discharge  persists  will  be  nwrc 
fully  dwelt  upon  in  the  consideration  of  chronic  punilent  otitis 
media. 

Death  may  result  from  the  disease,  from  direct  involvctnent 
of  the  cranial  contents,  cither  directly  or  after  the  developrocrt 
of  mastoid  inflammation.  This  last  complication  is  of  comiiwo 
occurrence  where  the  disease  does  not  come  under  obscn* 
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l?on  in  the  acute  stage.  The  iirogiiosis  as  to  the  integrity  of 
function  is  ralhcr  belter  than  might  be  expected  when  \vc  con- 
sider the  extensive  low  of  substance  which  the  malady  entails. 
Serious  labyrinthine  involvement  is  decidedly  the  exceiHion, 
aiid  when  the  labyrinth  is  involved  the  invasion  is  usually  pri- 
mary, dependent  upon  the  same  cause  that  has  produced  mid- 
dle-ear inflanmmion,  rather  tlian  secondary  to  the  tympanic 
disease. 

Treatment. — Vigorous  measures  must  be  instituletl  in  the 
earliest  stages  if  we  hope  lo  abort  the  affection.  When  in 
the  course  of  an  acute  infectious  disease  severe  pain  Ls  com- 
plained of  in  the  ear,  and  inspection  reveals  the  charactensltc 
congestion  already  mentioned,  immediate  local  depletion  should 
be  instituted.  As  much  blood  as  the  general  condition  of  the 
patient  will  permit  should  be  abstracted  from  the  region  in 
front  of  the  tragus.  The  administration  of  an  opiate  to  relieve 
pain  is  not  adviMble  in  these  cases,  .since  whatever  measures 
arc  to  be  instituted  for  the  relief  of  the  local  condition  must 
be  employed  in  the  course  of  a  few  hours,  and  it  is  unwise 
to  mask  any  advance  of  the  disease  by  bhinting>tlic  suscepti- 
bility of  the  patient  to  the  intensity  of  the  pain.  If  local  deple- 
tion does  not  produce  immediate  relief,  the  parts  should  be 
llioroughly  incise<I.  This  opention  is  intensely  [winfiil.  but 
tjuickly  jjcrfomied,  and  the  wisdom  of  administering  a  general 
ansrsthctic  must  depend  upon  the  condition  of  the  patient. 
During  the  last  few  years  I  have  operated  on  most  of  these  cases 
under  nitrous  oxide  anaesthesia,  and  have  found  it  satisfactory 
in  every  instance.  The  incision  should  lie  above  the  short 
process  of  the  malleus  and  posterior  to  it  (Fig.  1 26) .  The  knife 
is  entered  behind  the  processus  brcvis  antl  carried  upward 
and  inward  parallel  to  the  neck  of  the  malleus  until  it  has 
pierced  the  cellular  tissue  in  the  tympanic  vault  and  impinges 
ujKjn  the  bony  wall.  The  knife  is  then  swept  backward  to  the 
iwriphery  of  the  membrane,  the  deep  tissues  being  divided 
throughout  the  entire  extent  of  tlie  incision.  If  the  long  pro- 
cess of  the  incus  is  encountered,  as  may  happen  if  il  lies  high 
up  in  the  cavity,  or  if  the  incision  is  carried  a  little  too  low, 
care  must  be  taken  not  to  displace  it,  the  knife  being  allowed 
to  glide  over  it,  and  afterward  being  pushed  inward  to  the 
original  depth  to  complete  the  incision.  It  is  well,  also,  on 
reaching  the  peripheo'.  t*>  extend  the  section  directly  outward 
along  the  superu-iwsterior  wall  for  a  distance  of  a  quarter  of 
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an  inch,  dividing  all  the  soft  parts  down  bo  the  bone.  Ver>'  tree 
bleeding  follows  this  operation,  and  the  hiemorrhage  sboul*Jbc 
encouraged  by  imKalJon  of  the  canal  with  warm  boiled  water. 
It  is  to  be  distinctly  understood  that  we  do  not  expfect  to  liber- 
ate pus  by  this  procedxu"e,  but  to  prevent  its  formation.  Con- 
sequently the  greatest  care  must  \>c  taken  that  the  field  of 
operation  is  in  an  aseptic  condition,  and  that  all  instnimniis 
and  the  fluid  used  subsequently  in  irrigating  the  region  are 
thoroughly  aseptic.  TTiis  measure,  when  performed  sufficient- 
ly early,  may  completely  abort  the  attack;  the  divided  tissues 
unite  firmly  at  the  end  of  a  few  days,  and  all  s^'mptoms  refer- 
able to  the  ear  may  disappear  completely.  When  seen  at  a 
later  period,  and  when  the  parts  are  distinctly  bulging,  it  is 
wise  to  vary  the  procedure  to  the  extent  of  beginning  the  inci- 
sion over  the  area  of  the  greatest  bulging,  remembering  that 
our  object  is  to  incise  the  vascular  tissues  located  in  the  supe- 
rior portion  of  the  cavity,  and  to  liberate  any  contained  fluid 
as  well.  Here,  instead  of  carrying  the  incision  outward  upon 
the  canal  wall,  the  knife  may  be  plunged  directly  into  the  most 
promment  portion  of  the  tumor,  carried  deeply  into  the  tvin- 
panic  vault,  and  the  parts  divided  directly  upward  as  far  as 
thesuperior  margin  of  the  meatus  (Figs.  S/and  97);  the  periph- 
eral attachment  of  the  membrane  posterioriy  should  then 
be  followed  downward  for  a  sliort  distance,  thus  forming  a 
triangular  flap,  to  favor  free  drainage.  Wlien  spontaneoiu 
perforation  has  taken  place  we  usually  find  it  necessary  to 
enlarge  the  opening.  This  measure  should  be  carried  ool 
according  to  tlie  rule  which  governs  the  primary  incision. 

Upon  the  appearance  of  discharge  after  sixintancous  rupture. 
or  after  surgical  intcrfcrc-ncc.  the  canal  nmst  lie  kejrt  as  free  as 
possible  by  frecjLicnt  irrigation  witli  a  warm  antisejitic  stilution. 
This  both  relieves  pain  and  is  of  great  importance  in  preventing 
a  localized  infection  of  the  canal.  1"his  is  preferable  to  draining 
with  a  strip  of  gauze,  as  already  clescrilied  on  page  338.  The 
development  of  a  furuncle  chiriug  the  course  of  the  disease  is  to 
be  especially  avoided,  as  it  may  mask  an  involvement  of  ilie  mas- 
toid process,  or  may  be  mistaken  for  this  condition.  A  localized 
tumefaction  of  the  canal  indicative  of  mastoid  involvement  is 
.situated  at  llie  fundus,  upon  the  postero-superinr  wall  of  the  mt- 
atxis.  and  close  to  the  drum  membrane  (Fig.  78).  In  this  region 
the  development  of  a  primary  infectious  process  in  the  canal  wall 
is  exceedingly  rare,  circumscribed  otitis  externa  usually  occur- 
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ring'  in  the  fib ru-cartiUigi nous  portion.  Tenderness  upon  deep 
pressure  over  the  mastoid,  cHre  hciiig  taken  not  to  comniuni- 
catc  any  motion  to  the  movable  part  of  the  can»l  during  the 
examination,  will  also  aid  us  in  deciding  that  the  mastoid  is 
involved,  while  tenderness  on  pressure  about  the  ear,  which 
imparts  a  certain  aniouni  of  motion  to  the  fibrn-canilaginous 
ponton  of  ihc  meatus,  or  on  traction  uiwrn  the  auricle,  will 
point  to  a  circumscribed  external  oliris  of  a  simple  cliaracler. 
When  (he  symptoms  jioint  to  mastoid  involvement,  great 
caution  is  necessary  in  onlcr  lliat  measures  may  be  undertaken 
at  3  sufficiently  early  period  to  prevent  this  complication. 
With  the  accession  of  any  tcndcmcM  over  the  mastoid  repion, 
either  directly  over  the  anlnim  or  at  the  apt*x,  the  I-eiter  coil 
or  aural  ice  hag  may  be  applied  and  kept  in  position  continu- 
ously for  a  period  of  not  over  thirty-six  hours.  In  addition  to 
this,  attention  should  be  given  to  the  prima-  viar.  The  diet 
should  be  light,  and  any  tendency  to  constipation  sHould  be 
overcome  by  the  free  use  of  saline  cathartics.  Any  tumefac- 
tion of  the  tissues  at  the  upper  and  |)ostcrior  part  of  the  bony 
meatus  close  to  the  drum  membrane  should  be  immediately 
incised,  since  the  relief  of  tension  here,  in  conjiniction  with 
cold  externally  and  frequent  irrigation  of  the  canal,  will  usually 
abort  the  attack.  Here,  again,  it  is  not  advisable  to  administer 
drugs  for  ilie  purpose  of  relieving  pain,  or  certainly  not  for 
any  long  period.  ]f  (he  pain  in  the  mastoid  region  remains 
moderate  for  twenty-four  hours,  and  manipulation  elicits  an 
increase  in  the  amount  of  tenderness,  it  may  be  wise  to  insure  a 
fair  amount  of  sleep  for  one  ntglu  by  the  administration  of 
nior])hine.  This  plan  should  not  be  repeated,  for  if  on  the  fol* 
lowing  day  no  marked  amelioration  of  the  symptoms  is  present, 
operative  measures  directed  to  tlie  mastoid  process  should  be 
at  once  instituted.  I  As-as  formerly  much  more  in  favor  of  the 
UK  of  the  ice-coil  a<  an  abortive  measure  in  tlic  treatment  of 
mastoiditis  than  I  am  at  present.  A  more  extensive  experience 
has  taught  mc  that  the  cases  of  mastoid  congestion  which  will 
be  prevented  from  going  on  to  suppuration  and  to  extensive 
destruction  of  the  bony  tissues  by  means  of  the  ice-coil  arc 
exceedingly  rare.  At  present  I  am  in  favor  of  using  abortive 
measures  of  any  kind  only  in  (he  veiy  earliest  stages  of  the  dis- 
ease. If  a  case  is  seen  witliin  twenty-four  or  forty-eight  hours 
from  the  beginning  of  the  acute  otitis,  and  if  at  this  lime  some 
mastoid  tenderness  Is  present,  the  surgeon  is  then  justified. 
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afler  establisIiiiiE  free  drainapc  IhrouRli  ihc  meatus,  in  applying 
the  ice-coil  lo  llie  niasloitl  for  a  ptriod  of  tliirty-six,  and  powi- 
bly  for  a  period  of  forly-cijjtit  Iiouts,  hul  certainly  (or  no  longer 
time.  At  the  cm!  uf  lliiii  time  llie  icc-foil  should  be  renioicd 
anti  should  not  be  rcapi)Iicd.  Any  beneficial  effects  which  mi! 
result  from  the  local  application  of  cold  will  have  been  obiainai 
at  llie  cihI  of  tliii1y-six  to  forly-eight  hours.  If  tenderness  per- 
sists after  the  use  of  cold  for  this  length  of  time,  no  further 
al)urti%-e  measures  should  be  attempted,  but  the  surgeon  shouU 
enter  the  mastoid  at  once.  In  doubtful  cases  the  otologist  b 
perfectly  justified  in  exposing  the  mastoid  antrum  for  explora- 
tory purposes.  Under  proper  aseptic  precautions,  no  harm 
can  re-iiult  from  lliis  <)i)eniti(>n,  :ind  early  interference  may  save 
the  patient  a  prolonged  convalescence  following  a  more  severe 
operative  procciiure.  I  can  harrlly  speak  favorably  of  local 
IJoodlctting  over  the  mastoid  region.  Occasionally  it  may  be 
followed  by  relief;  but  my  experience  has  been  that,  where 
liliiod  has  been  abstracted  from  this  region,  the  symptoms 
have  been  delayed  only,  but  the  eonipHeation  has  not  been  [in- 
vented.  Another  objection  to  local  bloodletting  lies  in  the  (act 
that  the  tcmlcriicss  of  the  parts  to  which  the  measure  gives 
rise  may  mask  that  due  to  the  innammation  of  the  osseous 
structures.  This  is  not  a  serious  objection,  to  be  sure,  and  a 
little  care  on  the  part  of  (he  surjrcon  will  enable  liim  to  dis- 
tinguish between  superficial  and  deep  tenderness.  At  the  samf 
time  it  is  important  for  ns  to  recognize  the  fact  of  mastoid  in- 
volvement as  soon  as  it  takes  place,  and  rot  delay  prompt  inier- 
fcrcnce.  .'\ny  measures  which  temporarily  relieve  the  sjinj*- 
toms.  or  cause  the  disease  to  progress  more  slowly,  arc  of  a 
decided  disadvantage,  and  often  a  menace  to  life.  The  par- 
liciilar  operative  measures  to  be  adopted  when  the  mastoid  is 
involved  will  be  fully  described  in  the  section  devoted  lo  sur- 
gery. It  should  be  stated  here,  however,  that  the  author  is 
decidedly  averse  to  the  employment  of  a  simple  incision  over 
I  he  mastoid  in  these  cases.  The  value  of  the  so-called  "  WiWe'* 
incision  "  depends  upon  the  depletion  and  a  certain  amoonl 
of  relief  to  tension  secured  by  division  of  the  periosteum.  Tht 
operation  is  exceedingly  painful,  and  a  general  anxsthetic  b 
usually  necessary.  In  all  cases  where  the  Wilde  indsioi)  s 
positively  demanded  it  will  probably  be  necessary  to  enter  the 
mastoid  at  a  later  period;  and  to  give  the  patient  an  anesthetic 
upon  one  day  for  the  purpose  of  making  a  superficial  incision, 
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and  to  repeat  it  a  day  later  for  the  purpose  of  completing  tbc 
operation  and  entering  the  mastoid  process  itsell,  is  absolutely 
unjustifiable.  When,  therefore,  external  incision  seems  indi- 
cated, but  the  surgeon  docs  not  feel  justified  in  entering  the 
hone,  il  is  much  better  to  wait  for  twenty-four  or  forty-eight 
hours,  at  which  time  no  doubt  will  exist  as  to  the  proper  course 
to  pursue.  Incision  within  the  canal  lias  already  been  spoken 
of.  and  is  in  reality  an  inlcmal  Wilde's  incision.  The  pneu- 
matic cells  of  the  mastoid  are  located  nmch  nearer  tlic  superior 
wall  of  the  meatus  than  to  the  external  surface  of  the  ma.stoid 
cortex.  Thw  incision  in  the  canal  frequently  rclic^-es  tension 
sufficiently  to  prevent  an  extension  of  the  inflammation. 
Whenever  internal  incision  will  not  relieve  the  condition  ^vithin 
the  mastoid,  external  incision  certainly  will  not,  and  in  adults 
it  should  be  a  canlinal  rule  never  to  depend  ujwn  the  operative 
measure  of  dividing  the  soft  parts  alone.  In  children  under 
three  years  of  age,  where  the  mastoid  coricx  is  thin  and  the 
cells  may  be  opened  with  a  stout  scalpel,  the  procedure  may 
occasionally  be  justifiable;  but  even  here  experience  has  taught 
me  that  a  complete  operation  under  general  ana;sthesia  is  better 
than  to  incise  the  superficial  structures  simply  and  secure  imjicr- 
ft'ct  drainage.  The  opening  must  be  small,  ami  no  knowIe<lge 
of  the  extent  of  the  tissue  involved  can  be  gained,  while  the 
exit  to  the  discharge  can  not  be  free.  Therefore,  whenever  any 
operative  procedure  is  instituted  ujioii  the  mastoid  it  should 
l>e  thorough,  and  should  be  perfnnncd  under  general  anars- 
Ihesia. 

We  occasionally  meet  wlh  cases  which,  after  incision  of  the 
mcmbrana  tympanj  and  the  establishment  of  drainage,  progress 
favorably  for  a  certain  period,  after  which — prol>ably  because 
of  a  fresli  access  of  inflammation — the  discharge  increases  in 
amount,  the  [>ain  returns,  and  the  symptoms  are  repeated, 
although  not  to  the  same  degree.  Here  it  may  be  necessary 
to  re-incisc  the  drum  membrane  and  thoroughly  evacuate  the 
contents  of  the  tympanic  cavity.  Each  recurrence  incurs  (he 
danger  of  mastoid  inflammation,  and  to  delay  the  establish- 
ment of  free  drainage  through  the  external  meatus,  in  the  hope 
that  the  inflammatory-  piricess  may  disappear  spontaneously, 
is  certainly  unwise-  If  the  parts  are  kept  thoroughly  clean-scd 
and  attention  is  paid  to  the  proper  exit  of  the  discharge,  very 
little  local  treatment  is  necessary  aside  from  this.  Occasion- 
ally, owing  lot  he  impoverished  general  condition  of  the  patient. 
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or  to  some  obstructive  lesion  in  tlic  upper  air  passage,  espt 
dally  to  enl;irjjfint.'iit  of  the  phaniigeal  lonstl  in  chiidrert,  the 
discbarge  becomes  small  in  ainouut  aiul  as>iunies  a  \vater\  clnr- 
acter,  but  tloes  not  cease  coniplclely.  Here  attention  to  the 
|»eiieral  health  is  of  prime  importance,  since  if  the  dischaigc 
is  allowcO  lo  continue  too  long  the  ossicles  arc  apt  to  become 
im-olved.  and  a  chronic  purulent  otitis  may  be  cstahlislictt.  I( 
the  i»han-ngcal  vault  is  the  scat  of  adenoid  vegetations,  thtic 
shouW  be  retnoved. 

While  it  may  occasionally  be  justifiable  to  incise  the  mm- 
bran  uinpani  a  second  time,  in  the  hope  of  preventing  tlw 
eMvnskm  of  an  intlanimatory  process  to  the  mastoid.  I  am  in- 
clined to  believe  that  where  a  myringotomy  has  been  done  onct, 
and  been  done  thoroughly,  and  where  the  incision  has  been 
canied  out  on  lc>  the  upper  wall  of  the  canal,  in  the  manner 
ahrady  described,  the  sui^con  will  be  wasting  time  in  attempt- 
ing lo  relieve  the  patient  by  a  sccoml  incision  of  the  dnim  itieni- 
bnine.  Of  course,  it  is  possible,  as  slated  above,  that  reinffc- 
tK«i  may  occur  at  a  comparatively  late  date  and  after  the  op«ii- 
ing  in  the  nicmbrana  lyinpani  has  almost  entirely  healed:  tkw 
cases,  however,  are  extremely  rare.  Where  the  drum  mem- 
brane has  been  once  thoroughly  incised  and  at  a  later  ibie 
svmploins  of  incomjilctc  drainage  make  their  appearance,  it 
iii  bttlerto  open  the  mastoid  at  once  and  to  secure  free  drainage 
ptistcriorly,  than  to  temporize  by  resorting  to  a  second  my- 
ringotomy. Such  a  procedure  will  ])robah!y  fail  to  relieve  tlie 
pjilient.  and  tfie  necessity  of  ojierative  treatment  on  the  niasioiil 
will  be  simply  postp(>ne<l  and  not  prevented.  We  know  from 
experience  that  the  longer  such  opcnilive  treatment  is  delaycJ. 
lUc  more  extensive  is  the  destruction  of  the  bony  tissues,  ll 
iit  wine,  therefore,  for  the  surgeon  to  open  the  mastoid  upon  the 
fir-*!  evidence  that  drainage  through  the  meatus  is  Incomplcie- 

In  case  the  discharge  <locs  not  cease  as  promptly  as  inigli' 
be  expected,  owing  to  inattention  on  the  jwrt  of  the  jratient 
rcnanling  thonmgh  cleansing  of  the  canal,  gnmulation  tisJM 
ririiy  ilevelop  along  the  margins  of  the  incision  or  spontaneous 
perforation  in  the  niembrana  tympani,  or  the  mucous  mew- 
brnne  within  the  tympanic  cavity  may  become  greatly  liy|>w- 
irophied  and  protrude  through  the  perforation  in  the  form  of 
a  peclunculateil  mass,  constituting  an  aunil  polyp,  so  ca^«L 
Tlii*  obstructs  the  free  outflow  of  the  secretion,  and  must  be 
rillicr  removed  or  destroyed  in  situ.    Removal  may  b 
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effecterl  by  means  of  a  delicate  snare  armed  wiih  fine  wire.  For 
destroying  ihese  exuberant  granulations  either  chromic  actd 
or  the  fused  bead  oi  nitrate  of  silver  may  he  used.  Care  should 
E>«  taken  to  thoroughly  dry  the  granulations  before  the  escha- 
rotic  is  applied  and  to  make  the  application  to  the  hypcrtro- 
phicd  tissue  only,  and  not  allow  it  to  spread  to  the  surrounding 
parts.  This  is  eflFected  by  lightly  touching  the  parts  which 
have  been  cauterized  with  n  jiledget  of  dry  cotton  immediately 
after  cauterization,  to  remove  any  excess  of  the  agent  enii)loyed. 
H  dchcatcly  executed,  the  procedure  is  not  painful,  but  it  is 
always  wise  to  anesthetize  the  part  with  a  tcu-pcr-ccnt  solu- 
tion of  cocaine,  previous  to  cauterization.  Chromic  acid.  I 
think,  is  the  safer  agent  to  employ,  as  nitrate  of  silver  is  some- 
times followed  by  a  rather  sharp  reaction. 

Again,  the  hypertropliiec!  covering  of  the  internal  tympanic 
wall,  instead  of  assuming  a  disiincUy  polypoid  appearance,  may 
present  as  a  diffuse  thickened  membrane.  This  occurs  espe- 
cially when  the  perforation  is  of  large  size,  exposing  the  tym- 
panum over  a  considerable  area.  Mere  we  make  use  of  the 
metallic  astringent  salts  in  aiiucous  soluiion,  nitrate  of  silver 
l>eing  the  favorite,  although  sulphate  of  copper,  sulphate  of 
line,  chloride  of  zinc,  or  the  persulphate  of  iron  may  be  em- 
pIoye<l  probably  with  ctpially  good  results.  The  strength  of  the 
solution  used  must  vary  with  the  spet-i.il  condition  of  the  parts. 
It  is  alway-<i  well  in  tcsi  the  suscejitibiliiy  of  the  patient  by 
beginning  with  weak  soJiuions  and  to  increase  the  strength 
according  to  imlications.  I'lic  silver  solutions  may  be  used  tn 
strengths  of  from  two  to  fifty  per  cent ;  the  zinc  salts  in  strengths 
of  from  two  to  four  per  cent.  1  f  sulphate  of  copper  is  employed 
the  degree  of  concentration  shoulil  not  exceed  ten  or  fifteen 
grains  to  the  ounce. 

Tlie  persulphate  of  iron  seems  to  be  of  parlicnhr  value  in 
causing  a  ra()id  disappearance  of  granulations  developed  about 
the  margins  of  a  perforation.  The  solution  may  be  used  fidl 
Etrcnglh  or  diluted  with  water,  acconling  to  the  size  and  char- 
acter of  the  granulations.  The  patient  should  be  seen  the  day 
following  such  applications,  as  occasionally  the  reaction  will 
cause  closure  of  the  opening  in  the  «lnmi  membrane,  and 
symptoms  dependent  upon  ptis  retention  ni:iy  supervene. 

When  only  a  small  cpiantity  of  ilischargc  remains  we  may 
find  that  Ihc  use  of  fluid  in  the  canal  increases  rather  than 
diminishes  the  amount  of  discharge.     If  the  case  is  watched 


35< 


ACUTE  PURULENT  OTITIS  MEDIA. 


closely,  astringent  or  antiseptic  powders  may  be  employed, 
care  being  taken  tliat  tiie  opening  iii  the  inembrana  tynipani 
is  not  occluded,  tbc  powder  being  insufflate*!  so  as  to  fonn 
a  thin  covering  over  the  mcnibrana  ami  tlic  canal  \\3\\&.  K 
tliis  plan  is  adopted  the  patient  must  be  seen  daily  by  Ihc 
surgeon  and  the  parts  thoroughly  cleansed  by  means  of  tiie 
cotton  pledget,  after  which  the  powder  is  lightly  dusted  over 
the  menibrana  tympani,  the  granulations,  or  the  exposed  wall 
of  the  middle  ear,  as  the  case  may  be.  We  may  use  boric 
acid,  iodofonn,  iodot,  or  dennatol.  When  the  walls  of  the 
canal  appear  sodden  from  long-cnnlinncd  irrigation,  the  addi- 
tion of  a  small  amount  of  oxide  of  Jiinc  to  any  of  the  a.\mt 
powders  is  desirable.  This  protects  the  denuded  lining  uf  lh( 
meatus  and  favors  the  formation  of  normal  epithelium.  After 
the  opening  in  ihe  dntm  membrane  is  closed,  inflation  shoilM 
be  employed  at  first  daily,  the  interval  being  increased  as  the 
parts  resume  their  normal  appearance.  It  is  important  ibt 
this  plan  should  be  carried  out;  olbcnvise  a<lhcsions  may  tl^ 
vetnp  in  the  tympanum  and  the  function  of  the  organ  be 
decidedly  impaired. 
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Under  chronic  catarrh  of  the  middle  car  various  affections 
of  the  tympanum  have  been  described.  The  selection  of  this 
name  is  particularly  unfortunate,  since  it  conveys  the  impres- 
sion that  the  disease  is  really  a  complicating  lesion  of  some 
condition  in  the  nose  or  naKO-pharynx.  "Catarrhal  deafness " 
is  a  term  which  appears  not  only  in  our  standard  works  upon 
otology,  but  also  forms  a  prominent  feature  o(  the  advertise- 
mcnl  of  almost  ever}'  cliarlatan. 

In  the  first  place,  catarrh  as  a  disease  docs  not  exist,  it 
being  merely  a  term  used  to  describe  a  symptom,  meaning 
from  its  derivation  simply  a  discharge.  By  common  cfinsent 
catarrhal  inflammalion  is  the  term  applied  to  a  simple  inflam* 
mation  of  any  mucous  membrane.  It  may  occur  in  the  ear 
or  elsewhere,  constituting  a  primary  disease  entirely  inde- 
pendent of  any  lesion  in  the  upper  air  passages. 

When  the  mucous  membrane  o(  the  middle  ear  is  the  seat 
of  such  a  chronic  inflammatory  process  the  changes  which 
lake  place  are  of  two  varieties:  In  one  form,  which  may  be 
termed  a  hypertrophic  inflammation,  we  have  a  swclUng  of 
the  lining  membrane  of  the  tympanum,  due  usually  at  first 
to  a  chronic  venous  congestion;  this  continuing  for  a  long 
period  results  in  hypertrophy  of  the  elements  a(  the  tissue 
lining  the  cavity.  Over  the  bony  internal  wall  of  the  mid- 
dle car  the  mucous  membrane  is  thickened  and  hypcrtemic 
and  the  glandular  elements  produce,  therefore,  an  excessive 
amount  of  secretion.  In  the  drum  membrane  the  same  pro- 
cess takes  place  ;  the  hbrous  layer  becomes  thickened  in 
places,  and  may  over  certain  areas  be  the  seat  of  calcareous 
deposits.  The  same  changes  take  place  in  the  ossicles,  liga- 
ments, and  in  the  walls  of  the  liusiacliian  tube.  Owing  to 
the  chronic  hyperemia,  serum  or  serti-mucus  may  collect  in 
the  cavity  and  rrm.-iin  there  permanently,  or  the  fluid  may  dis- 
appear from  time  to  time  when  the  congestion  is  less  marked. 
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Id  contradistinction  to  these  changes,  we  find  in  another 
eta^s  ol  cases  a  process  characterized  by  tissue  hyperplasia 
rather  than  by  hypertrophy  ;  the  new  tissue  is  firm  and  fibrous 
m  character,  secretion  is  diminished,  the  walls  of  the  ves- 
sels supplying  the  ]>arls  arc  ihickenec),  and  a  true  sclerosis 
results.  In  this  form  ol  inflammation  the  Invorttc  site  of  the 
inflammatory  process  is  the  region  of  the  oval  and  round  win> 
dows.  The  outer  wall  of  the  tympanum — that  is.  the  mem- 
brana  tympani— may  present  almost  no  variation  from  the  nor- 
mal appearance.  In  the  Eustachian  tube  the  tissue  changes 
cause  an  actual  increase  in  the  calibre  of  the  canal  as  the  mem- 
brane becomes  firmer  and  more  closely  applied  to  the  parts 
beneath.  In  the  tympanic  ligaments  this  sclerotic  process  in- 
creases their  firmness,  binding  the  ossicles  rigidly  togclher 
and  fixing  them  firmly  within  the  cavity,  so  that  the  degree 
of  motion  in  every  direction  is  much  reduced.  AVx)ut  ihc  .sta- 
pedial niche  \vc  find  dense  connective-tissue  bands  running 
from  the  head  of  the  stapes  and  from  the  crura  to  the  walls 
of  the  pelvis  ovalis.  The  motion  of  this  ossicle  is  thcrclore 
greatly  limited.  At  the  round  window  similar  changes  pre- 
vent the  compensatory  movements  of  the  menibrana  tympani 
secondana  and  render  the  vibratory  motion  of  the  tabvrin- 
thinc  fluid  difficult  or  impossible.  Whether  the  hyperplasiic 
form  of  inflammation  is  often  secondary  to  the  hypertrophic 
form  is  a  mooted  question,  but  the  weight  of  evidence  seems 
to  favor  this  view. 

Chronic  Hyfektrophic  Otitis  Mkbl^. 

jCtioIogy.^A  chronic  hypertrophic  inflammation  within 
the  tympanum  may  follow  an  acute  catarrhal  otitis,  an  .icule 
congestion  of  the  Eustachian  tube  which  has  failed  to  resolve 
completely,  or  a  similar  process  in  which  the  middle  ear  and 
tube  are  both  involved.  It  may  also  occur  as  an  idiopathic 
affection,  the  organ  never  having  been  the  seat  of  an  acute  '"• 
llammation.  In  any  case  where  the  disease  is  chronic  iro^ 
the  beginning  it  depends  upon  some  fault  in  the  manner  of  ii^ 
of  the  patient  ihrungh  which  he  becomes  particularly  susctp 
lible  lo  vascular  changes  in  those  portions  of  the  body  linw 
with  mucous  membrane.  Frequent  exposure  lo  cold  result' 
ing  in  repeated  attacks  of  acute  rhinitis  or  acute  naso-pharyn- 
gitis,  from  which  the  vessels  within  the  tympanum  are  fre- 
quently engorged  with  blood,  is  a  most  common  cause.    TlK 


condition  may  begin  in  early  life  from  the  presence  of  a  mod- 
crate  amount  o(  ademml  tissue  in  the  ph.iryiipcal  vault,  not 
enough  to  give  rise  to  symptoms  of  nasal  obstruction,  but  suf- 
ficient to  cause  a  veiious  engorgement  of  the  parts  with  each 
exposure  to  cold.  This  condition  interferes  with  the  intra- 
tympanic  circulation,  and,  although  the  pharyngeal  tissue  may 
tKfxjmc  entirely  normal  in  later  life,  the  changes  set  up  within 
ihe  middle  ear  may  persist  and  even  increase  although  the 
cause  of  the  affectiun  hiis  disappeared.  'J"hc  disease  is  more 
commonly  met  with  in  individuals  whose  occupation  renders 
exposure  to  inclement  weather  a  matter  of  necessity  ;  it  is 
hence  more  common  in  males  than  in  females.  No  period  o\ 
life  is  exempt  from  the  disease,  but  it  occurs  more  frequently 
between  the  ages  of  fifteen  and  thirty-five  than  before  or  after 
this  period.  Marked  impairment  of  the  general  health, cither 
from  a  severe  illness,  from  prolonged  mental  anxiety,  or  from 
privatitm,  constitutes  a  factor  in  the  causation  of  many  cases. 
The  abuse  of  alcohol  also  exerts  a  certain  effect  in  the  pro. 
duction  of  the  disease,  both  from  its  local  action  upon  the  di- 
gestive organs  and  its  influence  upcm  the  circulatory  system. 
Wc  arc  often  told  that  the  aural  lesion  is  due  to  the  extension 
of  inflammation  from  the  pharyngeal  vault  because  of  the  con- 
tinuity of  anatomical  structure.  While  this  may  be  SO,  it  is 
certainly  a  question  of  little  importance,  since  the  same  causes 
acting  to  produce  the  pharyngeal  inflammation  may  exert 
their  effect  primarily  upon  the  lining  membrane  of  the  tym- 
panum. Tlie  excessive  use  of  tobacco  is  not  responsible  for 
the  disease  under  consideration,  except  as  it  may  affect  the 
general  health;  the  inhalation  of  smoke  produces  quite  as 
deleterious  an  efTccl  upon  the  respiratory  organs  and  middle 
car  from  Uical  actiun  as  does  the  actual  use  of  the  weed. 

The  opinion  so  prevalent,  that  impaired  hearing  due  to 
catarrhal  inflammation  of  the  tympanum  is  to  a  certain  extent 
hereditary,  is  not  entirely  borne  out  by  ctpericncc.  A  care- 
ful examination  of  statistics  shows  that  in  the  disease  under 
consideration  heredity  plays  a  very  unimportant  part  in  the 
causation.  It  is  true  that  certain  families  seem  to  show  a 
particular  predisposition  to  inflammations  of  the  lymphatic 
type,  engorgt'meni  of  the  lymph  nodules  occurring  with  any 
slight  local  inflammation.  This  is  seen  If  we  observe  the  fre- 
qucncy  with  which  adenoid  vegetations  are  observed  in  dif- 
ferent members  of  the  same  family  through  several  genera- 
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tions.  Since  these  growths  exert  an  iiiHuence  upon  tympaaic 
conditions,  it  is  not  strange  that  the  belief  should  be  held  that 
the  aural  affection  is  transmitted  from  one  generation  to  an- 
other. In  many  cases,  however,  we  find  the  pharyngeal  lym- 
phatics enlarge<l  through  several  k*^ "^rations  without  any 
anraJ  affection.  It  is  probable,  thcrcfnre,  that  the  influence 
of  heredity  is  limited  to  the  lymphatic  dcposit-s,  which  render 
the  cars  more  easily  affected  by  slight  changes.  It  is  seldom 
that  any  hereditary-  historj'  of  the  aural  disease  is  met  with 
without  the  accompanying  lymphatic  taint. 

Pathology.' — The  pathological  changes  have  been  descriliei! 
somewhat  at  length  in  the  introductor)'  remarks.  To  recapit- 
ulate, they  consist  in  a  swelling  of  the  lining  membrane  of  ihe 
tympanum,  due  at  first  to  a  venous  congestion,  but  aftenwrd 
to  an  actual  Itssue  hypertrophy.  The  newly  formed  tissue 
is  vascular  and  richly  supplied  with  cellular  elements,  the 
fibrous  elements  being  hut  tittle  developed.  An  actual  in- 
crease in  volume  is  the  result  of  this  process,  and  is  chamc- 
tcristic  of  this  form  of  inflammation,  llic  presence  within 
the  tympanum  of  a  fluid  exudation,  due  either  to  an  abnor- 
mal activity  of  the  secretory  glands  or  to  the  transudation  of 
the  fluid  elements  of  the  blood  from  the  engorged  vessels. 
conslTtuli-  another  pmniinent  feature.  No  particular  por- 
tion of  the  middle  car  is  involved  by  preference,  even  Ihe 
memhrana  tympani  sharing  in  the  changes  wrought  by  tlie 
morbid  process.  In  the  membrana  tympani  there  is  thicken- 
ing of  the  mucosa  and  swelling  of  the  fibrous  layer,  follow6l 
by  true  hypertrophy  here,  and  in  the  advanced  stages  by  a 
deposit  of  the  lime  salts. 

As  involving  the  drum  membrane,  the  structural  changes 
pnKluce<I  are  usually  more  marked  in  some  parts  of  the  meni- 
brana  tympani  than  in  others.  This  results  in  an  irregularity 
of  te.\ture.  some  portions  appearing  dense  and  opaque,  while 
others,  by  contrast,  appear  thinner  than  normal  (see  colored 
plates).  In  the  Eustachian  tube  the  tissue  changes  within 
the  walls  narrow  its  lumen,  and  prevent  the  entrance  of  air 
into  the  middle  car.  This  reduces  the  tension  within  the 
middle  ear,  and  causes  depression  of  the  membrana  tympani 
from  atmospheric  pressure.  A  gradual  stretching  of  the  dnioi 
membrane  takes  place  from  the  continued  pressure  from  witli- 
oui,  until  finally  further  displacement  is  prevented  by  contact 
with  the  internal  tympanic  wall.  Tlie  pressure  against  this 
resisting   barrier   increases   the   local    inflammatory    process. 


PATHOLOGY. 


}6i 


The  movement  of  the  drum  membrane  inward  and  its  per- 
sistence in  this  position  is  favored  by  the  action  of  the  tensor 
tympanic  mu.stlc,  wliich  by  contraction  draws  the  membrane 
inward  against  the  wall  of  the  middle  ear.  From  disuse  the 
tendon  becomes  shortened,  this  change  being  aided  by  the 
inflammatory  process.  If  now  the  Eustachian  tube  is  re- 
stored to  its  normal  patency,  the  niembrana  tynipani  does 
not  assnme  its  correct  position,  and  it  may  even  be  impossible 
to  replace  it  by  artificial  means.  SiniiLir  ch-inges  occur  in 
the  intratympanic  ligaments  if  the  parts  arc  suffered  to  re- 
main misplaced  for  a  considerable  length  of  time.  Of  the 
ligaments  which  hind  the  ossicular  chain  together  the  cap- 
sular ligament  of  the  nialleo-inciidal  articulation  suffers  the 
most.  It  may  become  relaxed,  and  render  dispLiccinent  of 
the  ossicular  chain  more  easy.  From  the  relaxation  of  this 
ligament  the  entire  drum  membrane  and  the  tip  of  the  handle 
of  the  malleus  may  be  carried  directly  inward  toward  the 
tympanic  wall  by  rotation  of  llie  malleus  upon  the  axis  hand. 
Tlie  separation  of  the  articular  surfaces  of  the  malleus  and 
incus  prevents  the  perfect  transmission  of  the  aerial  vibrations 
to  the  stapes,  and  impairment  of  function  results. 

When  the  hypertrophic  process  changes  to  the  hyperplastic 
variety  Ilie  newly  dejiosited  connective  tissue  I)ecomes  trans- 
fonned,  its  cellular  elements  disappear,  and  are  replaced  by  a 
dense  fibnius  tissue,  which  by  contraction  increases  the  ten- 
sion in  ihe  ossicular  chain. 

.^s  to  changes  occurring  in  the  Inl)yrinth  from  the  process 
within  the  middle  car,  these  may  depend  upon  the  pressure 
to  which  the  labyrinthine  fluid  is  subjected  from  the  increased 
lension,  although  this  factor  exists  in  the  early  stages  only. 
Labyrinthine  complications  are  not  conniion  in  the  hyper- 
irophic  form.  The  mo!*t  prominent  clement  in  their  causa- 
tion is  the  interference  with  the  labyrinthine  circulation.  Al- 
though the  communication  between  the  tympanic  and  laby- 
rinthine vessels  is  not  intimate,  hypertrophic  changes  witliin 
the  middle  ear  exert  an  influence  probably  upon  the  parts 
from  which  they  are  separated  only  by  the  thin  membrane  of 
the  round  window  and  by  the  fibres  of  the  annular  ligament 
in  the  fenestra  ovalis.  A  large  portion  of  the  ventnL-i  blood 
from  the  labyrinth  enters  the  general  circulation  through 
the  vena  aquarductus  coehleic,  which  leaves  the  labyrinth 
close  to  the  round  window.  Hence  any  increased  vascular- 
ity within  the  tympanum  a^ects  the  venous  flow  through  this 
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after  estalilisliin^  free  drainage  llirt>iigli  (lie  meatus,  in  applying 
tlie  ice-coil  to  the  mastoid  for  a  period  of  thirty-six,  and  posji- 
bly  for  a  period  of  forly-eiglu  htiiirs,  but  certainly  for  no  longer 
time.  At  the  end  of  this  time  ihe  ice-coil  should  be  removed 
and  should  not  be  reapplied.  Any  beneficial  cflfects  which  will 
result  from  the  local  application  of  cold  will  have  been  obiaineJ 
at  the  cud  uf  lhirty-si-\  to  forty-eight  hours.  If  tenderness  pn- 
ststs  after  the  use  of  cold  for  this  length  of  time,  no  further 
abortive  measures  should  be  attempted,  hut  the  surgeon  shoulJ 
enter  the  mastoid  at  once.  In  doubtful  cases  the  otologwt  is 
perfectly  justified  in  cxjjosiiig  the  mastoid  antnmi  for  explora- 
lory  pur])oses.  Under  proper  aseptic  preiMUtions,  no  hann 
can  result  from  this  operation,  and  early  interference  maysavt 
the  patient  a  prolonged  convalescence  following  a  more  severe 
operative  procedure.  I  can  hardly  speak  favorably  of  local 
bloodletting  over  the  mastoid  region.  Occasionally  il  may  be 
followed  by  relief;  but  my  experience  has  Inien  that,  where 
hlood  has  been  abstracted  from  this  region,  the  symptoms 
have  been  delayed  only,  but  the  com|)lication  has  not  been  pre- 
vented. Another  objection  to  local  bloodletting  lies  in  the  faci 
that  tlie  tenderness  of  the  parts  to  which  the  measure  gives 
rise  may  mask  that  due  to  the  inflammation  of  the  osseous 
structures.  This  is  not  a  serious  objection,  to  lie  sure,  ania 
little  care  on  the  part  of  the  surgeon  will  enable  him  to  dis- 
tinguish between  superficial  and  <leep  tenderness.  At  the  saiK 
time  it  is  important  for  us  to  recognize  the  fact  of  mastoid  in- 
volvement as  soon  as  it  talccs  place,  and  not  delay  prompt  inier- 
ference.  Any  measures  which  temporarily  relieve  the  symj)- 
tonis.  or  cause  the  disiease  to  progress  more  slowly,  are  of  a 
decided  disadvantage,  and  often  a  menace  tti  life.  The  par- 
ticular operative  mc;isurcs  to  l)c  athtpled  when  the  mastoid  ii 
involved  will  be  fully  described  in  the  section  dcvotwl  tosur 
gcry.  It  shouM  be  stated  here,  however,  that  the  author  is 
(U'cided)y  averse  to  the  employment  of  a  simple  incision  orer 
the  mastoid  in  these  cases.  The  value  of  the  so-ca11e<l  "  Wilde's 
incision  "  depends  upon  the  depletion  and  a  certain  amount 
of  relief  to  tension  secured  by  division  of  the  periosteum.  TTw 
operation  is  exceedingly  painful,  and  a  general  ana^thctic  i*  ■ 
usually  ncccssar,'.  In  all  cases  where  the  Wilde  incision  i* 
positively  demanded  it  will  probably  he  necessary  to  cnt«  the 
mastoid  at  a  later  period;  and  to  give  the  patient  an  anarstheiic 
upon  one  day  for  the  purpose  of  making  .-i  superficial  inciSMA 
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ously  described  as  singing,  hissing,  blowing,  or  whistling 
sounds.  These  subjective  noises  may  he  entirely  (frowned  by 
external  sounds.  Tbiis  they  ni;iy  dis-'ijipeJir  in  :i  rnihvay  train 
or  on  a  busy  thoroughfare,  but  rcajipcar  instantly  in  a  quicl 
room.  In  the  same  way  external  noises  affect  the  hearing  to  a 
marked  degree.  Most  of  these  patients  arc  able  to  hear  better 
in  a  noise  than  where  it  is  quiet.  We  may  explain  tliis  fact 
either  upon  the  hypothesis  that  the  more  intense  sounds  serve 
to  set  the  ossictdar  ciiaiu  in  vibration,  after  which  sounds  of 
less  intensity  are  able  to  so  modify  this  motion  as  to  be  per- 
ceived, ahhough  they  are  unable  to  overcome  intratyni panic 
rigithty  by  themselves,  or  that  loud  sounds  produce  a  condition 
of  auditory  hypericsthesia. 

Where  fluid  is  present  in  the  middle  ear,  bubbling  socmds 
may  be  complained  of  upon  forcible  attempts  at  clearing  the 
noatrils.  Snapping  or  cracking  sounds  heard  in  the  ear  with 
each  act  of  degltitition,  (hie  either  to  the  separation  of  the 
walls  of  the  Eustachian  tube  at  this  moment  or  lo  the  entrance 
of  air  into  the  (yinjianum.  is  also  a  syniptoin  often  met  with. 
Occasionally  we  may  elicit  tlie  fact  titat  njicni  iliariging  the 
p«)sition  of  the  bead  the  hearing  hcconies  smldt-nly  impaired. 
This  is  frequently  due  to  the  presence  of  Huid  within  the  tym- 
panic cavity,  Ihe  change  in  position  causing  it  to  gravitate  to 
the  region  of  the  oval  and  round  windows,  and  thus  to  impede 
the  vibration  of  the  labyrinthine  fluid.  Occasionally  slight  ver- 
tigo is  complained  of.  This,  however,  is  not  severe,  and  is  usu- 
ally attributable  la  a  sudden  change  in  intratynipanic  pressure. 
as  by  auto-inflation,  in  the  act  of  blowing  the  nose,  aspiration 
of  the  tympanum  by  a  sudden  deep  insj>irati<>n.  etc.  In  sonic 
cases,  however,  vertigo  cnnstiiutcs  one  of  the  chief  symptoms 
of  which  the  patient  complains.  The  vertigo  is  then  due  either 
lo  a  narrowing  of  ihe  Fustachian  tube  or  to  ailhosions  about 
ihc  round  or  oval  window  which  interfere  with  the  normal 
labyrinthine  prciwure. 

Pain  is  not  common  in  these  cases,  allbongh,  when  a  sud- 
den stenosis  of  the  tube  occurs,  the  patient  may  complain  of 
occasional  neuralgic  pains  radiating  from  the  pharynx  in  the 
direction  of  the  ear.  In  ccrtiiin  rare  instances,  where  the 
chrrmic  inllanmiation  is  confined  mostly  tn  the  region  of  the 
Eustachbn  tube,  the  patient  may  complain  of  shaqj  pain  in 
the  throat,  referred  to  the  region  of  the  Ungual  tonsil,  fre- 
quently more  severe  upon  one  side.  It  is  Impossible  for  the 
patient  lo  locate  the  exact  painful  point,  although  frequently 
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it  is  referred  to  the  posterior  pharyngeal  folds  or  to  the  Ij-nift 
tissue  at  the  base  ol  the  tongue.  In  a  large  number  ol  these 
cases  the  pharynx  is  entirely  healthy,  and  the  pain  is  due  lo 
the  changes  in  the  Eustachian  tube.  The  true  nature  o(  tbc 
affection  is  frequently  discovered  accidentally,  or  not  uniil 
changes  within  the  tympanum  liave  become  so  marked  asto 
demand  measures  for  relief.  Most  frequently  the  patient  de- 
scribes the  sensation  as  not  amounting  to  actual  pain,  but  thai 
the  throat  feels  "  rough  "  or  "  bums."  In  other  cases  the  pain 
is  intense,  rendering  deglutition  diflBcult. 

Diagnosis. — A.  Physical  Examinaiwn.  —  The  appearance 
presented  by  the  parts  varies  according  to  the  extent  to  wliJd 
the  process  has  advanced.  I  n  the  early  stages,  upon  inspecting 
the  drum  membrane,  there  may  be  no  deviation  from  the  nor- 
mal picture.  The  most  frequent  change  is  a  moderate  (^^ 
grce  of  depression  of  the  mcmbrana  tympani,  evidenced  by 
a  foreshortening  of  the  manubrium  mallei  and  exaggeration 
of  the  posterior  fold  (Fig.  103).  The  color  of  the  membrane 
is  either  normal,  or  there  may  be  a  slight  reddening  along 
the  malleus  handle  and  at  the  supero. posterior  border  nf  ihe 
membrane,  together  with  a  reddish  reflex  from  the  internal 
tympanic  wall.  This  last  sign  is  considered  particularly  im- 
portant by  Schw,irtze.  as  indicative  of  the  fact  that  the  inflam- 
matory process  is  still  active.  The  lustre  of  the  membrane  i: 
usually  slightly  diminished,  while  in  texture  it  appears  soln^ 
what  thicker  than  normal.  This  apparent  increase  in  density 
is  usually  not  general,  but  is  more  prominent  over  certain 
areas.  An  appearance  which  is  quite  characteristic  of  the 
early  stages  is  the  rotation  of  the  malleus 

•  upon  its  long  axis,  which,  if  the  membrane 
is  at  the  same  time  retracted,  causes  the 
malleus  handle  to  appear  narrower  than  nor- 
mal. If  there  is  no  depression,  the  rotation 
may  cause  the  manubrium  to  appear  abnor- 
mally wide  (Fig.  102).  This  change  in  breadth 
is  due  to  inequalities  in  tension  of  the  intra- 
tympanic  ligaments  from  the  inflammatory 
process,  which  is  more  pronounced  in  ce^ 
tain  portions  of  the  cavity  than  elsewhere.  The  prescacf 
of  adhesions  or  the  irregular  tumefaction  of  the  mcmbran' 
prevents  displacement  of  the  ossicular  chain  by  rotation  of  Ih* 
malleus  about  the  axis  band,  but  acts  in  sudi  a  manner  as  to 
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twist  the  ossicle  about  its  long-  axis,  turning  one  of  its  pris- 
matic surfaces  toward  the  canal.  When  displacement  inward 
and  rotation  are  both  present,  a  sharp  edge  of  the  shaft 
of  the  malleus  is  presented  to  the  meatus,  thus  making  ihc 
shaft  appear  narrow.  The  short  process  is  usually  more 
prominent  and  whiter  than  normal.  The  position  which  it 
assumes  gives  important  information  as  to  the  direction  in 
wliich  rotation  has  taken  place,  and  whether  the  increased 
tension  lies  in  the  anterior  or  posterior  half  of  the  tympanum. 
The  upper  portion  of  the  membrane  above  the  short  process 
frequently  has  a  crumpled  appearance  due  to  locali;!cd  areas 
of  inflaromation  in  the  parts  beneath.  When  the  disease 
has  existed  for  some  time  the  membrane  in  this  region  may 
appear  abnormally  thin,  and  over  the  neck  of  the  malleus  may 
be  adherent  and  much  depressed.  Pressure  here  may  cause 
atrophy  of  the  fibrous  tissue,  and  may  give  the  mcmbrnne  the 
appearance  of  having  been  perforated  and  having  undergone 
cicatrization.  In  the  more  advanced  cases  we  find  the  mem- 
brana  vibrans  displaced  toward  the  prom- 
ontory, the  tip  of  the  malleus  frc(]ucntly 
impinging  upon  the  wall  of  the  middle  car. 
It  may  be  drawn  either  toward  the  anterior 
or  posterior  wall  of  the  tym|tanum, accord- 
ing lo  the  distribution  of  the  connective 
tissue  within  the  cavity.  When  displaced 
backward  and  inward,  we  frequently  sec  a 
tense  band  running  from  the  short  process 
downward  and  backward  until  it  is  lost 
in  the  posterior  margin  of  the  membrane 
(Fig.  103):  so  wett  defined  is  this  that  it  is 
frequently  mistaken  for  the  h.indlc  of  the 
malleus,  which  Ues  in  front  of  it,  and  is  only  visible  when  the 
head  of  the  ])atient  is  turned  so  as  to  permit  the  light  to  be 
directed  beneath  this  fold.  Pomcroy  has  given  the  name  of 
"supernumerary  posterior  fold  "  to  this  band. 

When  there  is  fluid  within  the  tympanum  the  mcmbrana 
tympani  is  apparently  crossed  by  a  fine  line,  which  marks  the 
level  of  the  fluid.  This  appearance  is  only  presented  when 
the  drum  membrane  is  not  thickened  from  hypertrophic 
changes.  If  this  has  taken  place,  the  level  of  the  ef!usion 
can  not  be  made  out,  but  the  segment  below  the  level  of 
the  fluid  appears  more  ojiaque  than  the  part  above.     The 
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drum  membrane  over  Ihc  transudate  is  of  a  yellowish  tJn^ 
the  uppearaiice  being  more  marked  If  the  secretion  is  inspis- 
sated.  Occ:isJonally  line  bubbles  may  be  seen,  appearing  ss 
distinct  bright  points  upon  the  mcmbrana.  Any  ot  the  above 
appearances  should  make  us  suspect  the  presence  of  fluid,  and 
any  alteration  in  the  picture  after  inflation  confirms  the  opin- 
ion. If  the  inembrana  tympani  has  remained  in  contact  with 
the  internal  wall  o(  the  middle  ear  for  a  considerable  length 
of  time,  the  pressure  may  have  caused  partial  absorption  of 
the  fibrous  layer,  increasing  the  transparency  of  the  mera. 
brane  in  this  locality.  On  the  other  hand,  areas  which  pre- 
sent evidence  of  a  hypertrophic  process  arc  frequently  the 
seat  of  calcific  deposits  in  the  later  stages  of  the  disease.  The 
develnpment  of  adhesions  between  the  membrana  vlhransani) 
internal  wall  of  the  middle  ear  is  scarcely  as  characteristic  oi 
the  hypertrophic  variety  of  the  inflammation  as  of  the  hyper- 
plastic, yet  we  may  find  this  condition  present,  especially  in 
the  region  o(  the  umbo,  as  this  is  the  first  point  of  contact  be- 
tween the  drum  membrane  and  the  external  tympanic  wall, 
the  displacement  being  due  both  to  atmospheric  pressure  and 
to  the  action  of  the  tensor  tympanic  muscle. 

[n  certain  cases,  especially  where  frequent  auto-inflation 
has  been  practiced,  the  drum  membrane  becomes  much  re- 
laxed in  the  upper  and  posterior  quadrant, and  when  indrawn 
applies  itself  so  closely  to  the  bony  walls  as  to  permit  the  inll* 
tympanic  landmarks  in  this  region,  such  as  the  incudo-stapcdJal 
articulation  and  the  niche  of  the  round  window,  to  be  clearly 
made  out  (Fig.  95).    Such  a  relaxation  ol  the  membrana  is 
easily  demonstrated  if  we  request  the  patient  to  inflate  the 
ear  by  holding  the  nose,  closing   the  mouth,  and   blowing 
forcibly.     When  this  is  done  the  upper  and  posterior  seg- 
ment will  be  seen  to  move  outward  into  the  canal,  while  at 
the  same  time  the  deeper  parts  disappear  from  view. 

The  impairment  of  hearing  in  these  cases  disappears  to 
an  astonishing  extent  when  this  relaxation  is  corrected,  but 
may  reappear  upon  deglutition,  the  air  within  the  middle  car 
being  aspirated  and  the  membrane  assuming  its  former  posi- 
tion. The  presence  of  adhesions  or  the  condition  of  relaxa- 
tion just  described  may  be  satisfactorily  demonstrated  by 
alternately  rarefying  and  condensing  the  air  in  the  meatus  by 
means  of  the  pneumatic  otoscope.  The  adherent  areas  do 
not  move,  while  the  relaxed  portions  of  the  drum  membrane 
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are  seen  to  make  exaggerated  inward  and  outward  excursions, 
according  as  the  air  within  the  canal  is  condensed  <irraretied. 

Anomalies  in  tension  ol  the  intratympanic  ligaments  arc 
easily  demonstrated  by  the  pneumatic  otoscope.  Under  ma- 
nipulation the  malleus  handle,  instead  of  moving  directly  out- 
ward when  the  air  within  the  canal  is  rarefied,  will  be  seen  to 
twist  upon  its  long  axis,  the  tip  of  the  manubrium  frequently 
remaining  fixed,  while  the  short  process  describes  the  arc  of 
a  circle.  Clinically  this  sign  is  ol  importance,  as  it  usually 
indicates  relaxation  at  the  mallco-incudal  articulation,  and 
may  account  lor  certain  subjective  symptoms  which  make 
their  appearance  only  when  the  patient  changes  his  position 
and  suddenly  separates  the  articular  surfaces  of  these  ossicles. 

Inflation  by  the  catheter  or  air  l>ag— preferably  the  former 
— elicits  various  auscultatory  signs.  Evidences  of  fluid  within 
the  tympanum  have  already  been  mentioned  and  need  not  be 
repeated.  When  the  lumen  of  the  tube  is  narrowed,  the  air, 
upon  entering  the  middle  ear,  will  produce  a  high-pitched 
sound  on  account  of  the  narrowing  of  the  canal.  This  sound 
may  be  either  moist  or  dry,  according  to  the  stage  of  the  dis> 
ease.  When  the  tube  is  much  narrowed  and  the  walls  are 
covered  with  thick  secretion,  the  air  may  fail  to  enter  the 
middle  ear.  and  a  distant  percussion  sound  will  be  recognized 
with  each  attempt  at  inflation,  as  the  atr  impinges  upon  the 
mass  of  inspissated  mucus  at  the  narrow  portion  of  the  tube. 
Prolonged  effort  will  usually  dislodge  this,  after  which  the 
air  will  enter  the  cavity,  causing  a  sudden  outward  excursion 
of  the  drum  membrane,  as  evidenced  by  the  peculiar  sharp 
click  heard  as  it  is  driven  outward.  If  the  cavity  is  com- 
pletely filled  with  fluid,  absolutely  no  sound  may  be  heard. 
tt  is  possible  for  the  adhesions  to  develop  in  such  a  manner 
as  to  shut  off  the  greater  part  of  the  tympanic  cavity  from 
the  Eustachian  tube.  When  this  occurs,  the  air,  as  it  im- 
pingcs  upon  the  barrier  at  the  tympanic  orifice,  will  produce 
a  distinct  percussion  note  similar  to  that  heard  when  an  ob- 
struction is  present  at  the  isthmus  of  the  tube,  but  not  as  re> 
mote.  Marked  relaxation  of  the  drum  membrane  is  recog- 
nized by  the  peculiar  flapping  sound  which  is  heard  as  the  lax 
septum  is  forced  outward. 

Inspection  of  the  membrane  immediately  after  inflation 
will  enable  us  to  determine  over  what  areas  adhesion  has 
taken  place  between  the  internal  and  external  tympanic  walls. 


As  before  stated,  adhesion  at  the  umbo  is  not  uncommon, and 
hence  inflalian  niay  produce  liltle  change  in  the  position  oi 
the  membrane,  although  the  hearing  may  be  greatly  imjirovtd 
by  ihc  operation  from  the  rc-cstablishmcnt  of  equilibrium. 

B.   Funcfionat  ExaintHatian. — The  hearing  power  for  the 
voice  is  considerably  reduced.     The  hearing  power  (or  the 
watch  or  acoumcter  is  also  diminished.    The  lower  tone  limit 
is  elevated,  and  where  the  middle  car  alone  is  involved  the  de- 
gree of  elevation  corresponds  to  the  impairment  of  audition 
for  the  whisper  or  for  the  conversational  voice.     These  cases 
usualU"  hear  a  whisper  relatively  better  than  articulate  speech, 
This  is  due  to  the  fact  thai  the  pitch  of  the  whisper  uf  any 
given  combination  of  letters  is  always  the  same,  while  inar- 
ticulate speech  the  same  word  or  sentence  repeated  by  difcr- 
ent  individuals  varies  greatly,  owing  lo  the  presence  ol  over- 
tones.   The  individual  quality  of  (he  voice  depends  upon 
these  overtones.     Hence  we  find  the  power  oi  perception  lor 
the  conversational  voice  varies  greatly  aca>rding  to  the  indi- 
vidual with  whom  the  patient  converses,  with  some  the  hear- 
ing being  but  slightly  diminished,  while  with  others  marM 
impairment  is  evident.     The  upper  tone  limit  is  either  nor- 
mal or  slightly  lowered.    Bone  conduction  is  increased  in  the 
early  stages  of  the  disease,  the  vibrating  tuning  fork,  placed 
in  the  median  line,  being  referred  to  the  poorer  ear.     In  ad- 
vanced cases  it  may  be  referred  to  the  belter  ear,  and  when 
this  is  the  case  the  prognosis  is  less  favorable.     Where  the 
up[)er  loiie  limit  is  lowered  it  not  infrequently  happens  that 
the  greatest  deviation  from  the  normal  standard  is  in  the  bet- 
ter ear.    This  is  explained  upon  the  theory  thai  the  increased 
labyrinthine  pressure  upon  the  side  first  affected  has  caused 
certain  changes  to  take  place  in  the  cortical  area  specialized 
for  the  perception  of  these  particular  notes.    This  area  r^ 
ceivcs  most  of  its  nerve  fibres  from  the  ear  of  the  opposite 
side,  but  a  lew  come  Irom  the  organ  of  the  same  side.    The 
innuence  of  the  tympanic  condition  tipon  the  labyrinth  of  (he 
organ  first  attacked  institutes  certain  cortical  changes  which 
affect  secondarily  the  nerve  fibres  derived  from  the  other  car. 
The.se  secondary  changes  expended  upon  the  receptive  mech- 
anism are  more  rapid  than  the  changes  within  the  middle  car; 
and  we  find  the  labyrinthine  degeneration  on  the  side  last 
involved  more  marked  than  in  the  organ  primarily  affected. 
It  is  of  importance  lo  recognize  this  fact  as  indicative  of  (he 
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progress  of  Ihc  disease,  and  prompt  measures  must  be  insti- 
tuted to  curtail  the  steady  advance  of  the  aflection. 

Prognosis.— The  ultimate  outcome  will  depend  upon  the 
cause,  the  social  condition  nf  the  patient,  aud  the  extent  to 
which  the  process  has  advanced  before  the  patient  comes 
under  observation. 

When  seen  in  (he  early  stages  associated  with  affections 
cither  of  the  nasal  passages  or  of  the  naso-pharynx,  we  may 
hope  to  arrest  the  disease  completely,  and  in  a  large  measure 
to  correct  the  damage  already  done.  The  station  in  life  oc- 
cupied by  the  patient  influences  the  progress  of  the  disease, 
in  so  far  as  it  necessitates  his  exposure  to  inclement  weather, 
physical  hardship,  sudden  changes  of  heat  and  cold,  and  pro- 
longed  mental  exertion.  The  age  of  the  patient  is  also  a  fao^ 
tor.  Thus,  if  Ihc  impairment  of  function  is  considerable  in  a 
patient  under  thirty  years  of  age.  wc  can  scarcely  hope  for 
great  improvement  except  by  the  employment  of  the  most 
radical  means  at  our  command;  while  the  same  degree  of  im- 
pairment met  with  later  in  life  would  be  more  amenable  to 
trratment,  since  at  this  period  hypertrophic  changes  in  the 
upper  air  passages  are  the  exception,  the  tendency  being  for 
spontaneous  alisorplion  to  take  place,  and  the  affection  might 
even  improve  spontaneously.  In  any  given  case  where  the 
aural  lesion  is  associated  with  some  aflcction  nf  the  upper  air 
passages,  we  can  usually  promise,  by  restoring  these  parts  to 
Ihcir  normal  state,  to  relieve  the  |>atient  o(  those  sudden  fluc- 
tuations in  hearing  dependent  upon  vascular  disturbances  in 
the  upper  air  passages.  At  the  same  time  the  progress  of  the 
disease  will  probably  be  checked,  but  any  marked  improve- 
mcnt  in  hearing  can  not  be  promised  if  the  patient  is  more 
than  thirty  years  of  age,  although  in  many  instances  the  re- 
sults of  treatment  are  exceedingly  satisfactory.  In  young  sub- 
jects the  changes  wrought  by  thoroughly  freeing  the  upper 
air  passages  may  cause  a  retrograde  process  to  take  place  in 
the  mucous  membrane  of  the  tympanum,  and  great  improve- 
ment may  result.  The  surgeon  must  be  cautious,  however, 
regarding  the  extent  of  impn)veraenl  promised. 

Hygienic  measures,  the  observance  of  which  renders  the 
patient  less  liable  to  colds,  must  also  be  considered.  In  cases 
of  long  standing  the  prognosis  will  depend  largely  upon  the 
presence  or  extent  of  secondary  labyrinthine  involvement,  and 
oanicularly  upon  the  degree  to  which  the  car  of  the  opposite 
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side  is  affecled.  Any  tendency  toward  secondary  sclcrotie 
changes  as  evidenced  by  patency  of  the  Eustachian  tube,  or 
a  degree  of  patency  which  is  abnormal,  will  also  render  the 
prognosis  more  grave.  The  condition  of  the  tube  itself  is  ol 
importance,  as  it  enables  us  to  judge  of  the  changes  which 
have  probably  taken  place  in  tympanic  adhesions.  II  the 
tube  is  of  normal  calibre  it  is  probable  that  these  have  be- 
come firm,  and  that  the  impairment  in  (unction  depends  upon 
this  cause.  We  can  scarcely  hope  to  absorb  a  deposit  ol  lung 
standing,  and  hence  our  prognosis  must  be  guarded. 

Treatment. — We  may  ilivi<le  this  into  the  treatment  ol 
the  upper  air  passages,  the  treatment  of  the  F.ustachian  lube, 
and  the  treatment  of  the  intratympanic  condition. 

Our  first  care  shtnilcl  be  lo  place  the  upper  air  passages  in 
suchacondition  as  to  permit  free  nasal  respiration,  and  loprfr 
vent  as  much  as  possible  the  venous  engorgement  of  ihest 
parts  from  slight  exposure  to  ctild.     From  this  we  do  nol 
mean  that  slight  deviation  from  an  ideal  condition,  anatomic- 
ally speaking,  must  be  dealt  with  surgically.     II  the  nasal  pas- 
sages  are  free,  and  no  evidence  of  mouth  breathing  is  present, 
the  treatment  of  this  region  can  in  no  way  improve  the  audi- 
tory function.     In  the  same  way  a  small  amount  of  lymphatic 
tissue  within  the  pharyngeal  vaidt  in  patients  over  twenty 
years  of  age  does  not  demand  removal  unless  it  gives  rise  M 
some  special  disturbance.     In  young  subjects,  however.  I  am 
dispo.sed  to  deal  radically  with  any  lymphatic  hypcrtn>pby  in 
this  region  if  there  is  the  slightest  evidence  of  impairment 
of  hearing,  since  in  early  life  lymphatic  tissue  is  particularly 
prone  to  vascular  changes  from  comparatively  slight  cause*. 
Adenoid  growths,  then,  should  be  removed  surgically,  either 
by  the  forceps  or  curette,  or  absorption  cflectcd  by  the  appli- 
cation of  chemical  agents.    Of  these,  a  solution  of  the  nitrate 
of  silver,  introduced  through  the  anterior  nares  after  the  parts 
have  been  rendered  insensitive  by  cocaine,  will  be  found  to 
be  effective.     A  solution  of  sixty  grains  of  nitrate  of  silver  lo 
the  ounce  may  be  applied  lo  the  part  by  means  of  the  cotton- 
lipped  probe,  care  being  taken  not  to  distribute  the  solution 
over  the  walls  of  the  nasal  cavity,  nor  to  use  it  so  freely  as  to 
allow  it  to  pass  into  the  lower  pharynx-     I  lypcrtrophy  of  the 
turbinated  bodies,  if  excessive,  may  be  dealt  with  surgically, 
but  usually  cauterization  with  chromic  acid  will  be  suflficieDl. 
Obstructive  lesions  due  to  deformity  of  the  septum  may  be 
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removed  either  with  the  saw,  trephine,  or  galvano-cautcry, 
as  the  operator  deems  most  expedient. 

Concerning  the  removal  of  the  faucial  tonsils,  it  is  my  bc- 
licl  that  they  may  cause  secondary  cngorgemcnl  within  the 
naso-pharynx,  and  hence,  if  they  are  hypertrophied,  their  re- 
moval is  indicated  when  met  with  in  childhood  or  early  adult 
life.    After  this  period  this  rule  naturally  does  not  apply- 

The  Eustachian  canal  usually  requires  special  measures  to 
determine  its  reiuni  to  the  normal  degree  of  patency.  Where 
the  obstruction  depends  merely  upon  venous  engorgement  or 
tedcma,  attention  to  the  upper  air  passages,  together  with  in. 
liation  of  the  middle  ear  with  air,  will  be  effective  without 
any  other  mc;isurcs  directed  to  the  tube.  The  beneficial 
effect  of  inflation  upon  the  calibre  of  the  Eustachian  canal 
depends  upon  the  fact  that  when  the  nnrmal  calibre  is  re- 
stored for  a  short  time  by  the  passage  oi  a  current  of  air 
which  temporarily  relieves  the  engorgement,  it  gradually  re- 
gains  its  normal  patency.  The  air  douche  drives  the  blood 
out  of  the  distended  venous  channels  and  permits  them  to  re- 
sume their  normal  tone,  in  much  the  same  manner  as  an 
elastic  bandage  relieves  venous  engorgement  of  the  extrcmi. 
lies.  If,  however,  actual  hypertrophy  has  taken  place,  stimu- 
lation of  the  mucous  membrane  may  be  necessary  in  order  to 
elTect  restoration.  This  is  particularly  true  in  instances  in 
which  excessive  secretion  is  present.  The  pharyngeal  orifice 
of  the  tube  is  the  part  first  afi'ccted,  and  the  changes  are  most 
marked  in  this  region.  Before  attempting  any  local  medica- 
tion, the  mucous  membrane  must  be  thoroughly  cleansed  from 
adherent  secretion,  otherwise  our  application  wilt  have  but 
little  effect.  This  may  be  done  by  washing  out  the  pharyn. 
geal  orifice  of  the  tube  with  an  alkaline  sohiiion,  such  as  a 
weak  solution  of  bicarbonate  of  soda,  or  the  ordinary  Dobell's 
fluid,  or  a  solution  of  boric  acid  of  about  twenty  grains  to 
the  ounce,  to  which  may  be  added  hall  a  drachm  of  Listerine. 
This  cleansing  is  effected  by  employing  a  device  which  coiw 
sists  of  a  Eustachian  catheter  the  extremity  of  which  is  closed, 
while  the  curved  portion  of  the  instrument  is  su|iplied  with 
lateral  perforations.  Fluid  injected  through  this  instrument 
does  not  enter  the  lumen  of  the  tube,  although  the  trumpet- 
shaped  orifice  is  thoroughly  washed  and  freed  from  any  lena- 
cious  secretion.  The  solution  may  be  injected  by  means  of 
a  common  car  syringe  inserted  into  the  outer  end  of  the  in. 
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sinmiciit,  or  the  syringe  may  be  providctl  with  a  conical  tip 
\\liicl)  Bts  it  exactly.    The  mouth  uf  the  tniic  may  also  be 
cleansed  by  wiping  it  out  with  a  picdg-ct  of  cotton,  the  appli- 
caior  bcing^  cun'ed  hke  the  Eustachian  catheter.    After  thor- 
oughly cleansing  the  {rfian*ngeal  orihcc  of  the  nibe,  it  shoiilci 
b«  touched  with  an  astringent  solution.    .-\  solution  of  nitrate 
of  si]\-TT.  ten  to  thirty  grains  to  the  ounce,  is  the  application 
OMtt  aBei.    la  oUcr  cases  the  application  of  equal  pans  of 
of  iodiae  and  glycerin  is  cfftcient.    Even 
for  a  considerable  distance  beyond 
tiratmcnt  of  this  region  may  chum 
■rafy  deposited  tissue.    If  this  fails,  applia- 
le  ID  the  entire  Icnjjih  of  the  canal,  cither  Iij 
vapors  or  of  medicinal  solutions.    The 
ol  cam-ing  out  these  measures  has  already 
of  the  F.ustachian  canal  by  boiigiw  is 
IS  where  the  flcjMfsit  is  of  long  standing, 
stiuuJation  due  to  the  presence  of  the  inslni- 
of  the  tube  causing  absorption  of  the 
If  the  walls  of  the  tube  seem  much  rt- 
tfte  otKintction  reciirs  ijuickly,  although  the  tube 
tjte  passage  of  a  bougie  of  considerable  size,  it  is 
'the  insinimcnt  in  positi«m  for  several  minutes  to 
tlw-  oonnal  tone  of  the  tissues.     Mcdtcatal  bougies 
tie  uaed.  bot  their  emplnymcnt  is  difficult,  and  presents 
o\Tr  topical  applications  made  in  the  manner 
Whkr  tubal  congestion. 
,\J||lMgh  the  tympanic  portion  of  the  Eustachian  canal  is 
(K  fimt.  bony  walls,  it  shouUl  always  be  reineniljcred 
: 4R <A$tnH;tioii  may  lie  at  the  tynijianic  orifice  of  the  tube: 
Vht  Mi>*V^^  *^  f**'*  'i*^t  dilate  t1ic  osseous  canal,  we  nuy  ovxr- 
qo«tw  au  t.>bfttructiou  in  the  locality  aliovc  named,  and  should 
mmr  Vui  to  (uss  the  instrument  through  the  entire  Icngib  of 
ttMt  <wat  wiuX  the  tympanic  cavity  is  entered.     Relaxation  oi 
tibv'  tMWkx^us  lining  may  occur  even  in  this  region,  and  topical 
«,„■-.   -     ■'*  mA>   Iw  beneficial.     In  many  instances  an  inspcc- 
^  .   mctobrana  tytnpani  will  reveal  the  bougie  in  tlie 

^,,  ,  wily,     h  iistially  lies  behind  and  a  little  below  tire 

.■^  wi  the  malleus,  and  by  pressure  can  be  made  to 
irtn  inembranc  over  it  outward  into  the  canal. 
tH  vlliCV  of  the  simple  device  recommended  under  "  Tubal 
0;Hi^ili>i»"  (v>r  ctTccting  dilatation  of  the  Eustachian  tube, 
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very  .tat  is  factory  results  may  be  obtained  by  the  electrolytic 
method,  so  strongly  advocated  by  Dr.  Duel.*  By  means  of  tliis 
mcthtxl  the  swollen  niemlwanc  of  llic  Eustachian  lube  is  restored 
lo  its  normal  condition  through  the  influence  of  the  galvanic 
current,  the  negative  pole  of  the  battery  being  applied  directly 
to  the  inflamed  tissues,  while  the  positive  pole  is  applied  to  some 
neutral  point.  In  order  to  carry  out  this  plan  eflfectu:dly,  it  Is 
necessarj*  lo  insulate  the  catheter  through  which  the  Ixnigie  is 
passed,  to  prevent  the  current  from  short-ciraiiting.  and  also  in 
order  that  the  full  force  of  the  current  may  be  applied  directly  to 
the  swollen  and  inllamed  membrane.  This  is  efTected  by  wind- 
ing an  onlinary  silver  Kiistaeliian  catheter  with  a  tliin  strip  of 
rul)l»er  tissue,  thus  forming  an  insulating  coating.  An  olive- 
tipped  metal  bougie,  preferably  made  of  gold,  is  then  passed 
through  the  Kuslachian  catheter,  in  exactly  the  same  manner  as 
lias  been  already  dcscribecl  in  e>c])laining  the  technitjue  of  the 
simple  method.  This  metallic  btnigie  is  connected  by  means 
of  a  cord  with  the  negative  pole  of  the  galvanic  battery.  The 
positive  pole  of  the  Iwittery  is  applied  at  some  neutral  point  by 
means  of  the  flat  sponge  electrode,  the  palm  of  the  patient  luring 
usually  sclecte<I  as  the  point  of  its  application.  The  catheter 
is  introduce*!  in  the  ordinary  manner  and  the  metallic  bougie 
passed  into  the  tulw  until  an  obstruction  is  met  with.  The  gal- 
vanic current  is  then  slowly  turned  or,  being  controlled  by  a 
delicate  rheostat,  utilil  the  milHaniperemeter  registers  from 
three  lo  five  milliampiires  of  current.  Slow  pressure  is  main- 
tained on  the  Ivingic.  and  after  a  short  interval  the  instrument 
win  !«■  felt  to  glide  hy  the  nlislructitm.  The  instrument  is  passed 
in  this  manner  Ihroughont  the  entire  length  of  the  tulK  until  it 
is  felt  to  enter  the  middle  car.  The  surgeon  becomes  cognizant 
of  this  fact  by  the  scn.>iation  Ihnt  the  etui  of  the  instrument  has 
passed  into  a  large  civily  and  lies  jierfectly  free.  He  always 
recognizes  the  fact  by  remembering  the  length  of  the  Knsta- 
chian  tube  and  by  observing  that  the  Ixmgic  has  Ix-en  passed 
for  the  requisite  distance  to  enter  the  tym|wmim.  under  normal 
conditions.  It  .'tliould  be  borne  in  mind  that  considerable  care 
must  l>c  taken  in  carrying  oiit  this  plan  of  treatment.  It  is  sel- 
dom wise  to  use  more  than  five  milliamperes  of  ciirrent  and 
probably  three  or  four  are  all  that  is  necessary.  The  voltage  of 
the  airrent  must  vary  with  the  l«Mly  resistance  in  each  iiulivid- 
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ual  case.  The  voltage  should  never  be  more  than  40,  and  uinial- 
\y  a  voltage  of  30  is  quite  siifficieiiL  The  galvanic  current  may 
be  generated  either  by  means  of  a  wet  or  dry  cell  Ijattery,  or 
the  ordinary  direct  street  current  used  for  ilhiminating  par- 
poses  may  be  utilized.  When  lliis  current  is  used,  proper  cao- 
liiin  nuist  be  employed  to  have  a  correct  transforming  af^Kiratus 
for  the  circuit,  so  as  to  be  certain  that  too  great  a  voltage  is  nol 
obtained.  It  is  also  important  that  the  rheostat  should  be  very 
delicately  adjusted  in  order  thai  it  may  control  the  current  per- 
fectly. 

It  is  difficuh  to  say  whether  this  form  of  Eustachian  bougie 
possesses  any  great  advantage  over  the  simpler  method  d^ 
scribed  before.  The  apparatus  is  certainly  complicated  wi 
somewhat  more  difiicult  to  manipulate  than  is  the  more  simp!c 
device.  Regarding  the  permanency  cif  residts  obtained,  after 
a  rather  extensive  cxi>erience  with  lioth  methods,  I  am  not 
convinced  that  the  residts  which  follow  the  employment  of  the 
electrolytic  method  are  more  permanent  than  those  which'  re- 
sult from  the  use  of  the  simple  bougie. 

The  injection  of  fluids  inld  the  tulje  and  tymiKmum  is  never 
wise.  It  is  true  that  excellent  results  have  occasionally  been 
obtained  by  this  means,  but  the  same  object  may  be  accoin- 
plishcd  without  subjecting  the  patient  to  the  serious  possilili- 
ties  whicli  the  injection  of  fluid  into  the  tube  entails. 

The  changes  within  the  tympanum  may  consist  of  an  ac- 
cinnnlrition  of  fluid,  locattzed  or  diffuse  hypertrophic  change, 
an<l  adhesions.  When  fluid  Is  present,  its  removal  should  Ik 
cfTrctcd  through  the  Eustachian  tube  if  possible.  To  this  end, 
the  operation  of  inflation  should  be  performwl  with  the  head 
of  the  patient  inclined  a  Htile  forward  and  toward  the  opposik 
side;  the  current  of  air,  u|x»n  entering  the  tymi>amim.  will  then 
force  the  lluid  through  the  Eustachian  tul>c  into  the  pharyn- 
geal vault.  When  this  takes  place,  the  sound  heard  upon  aus- 
cultation changes  rn  character  from  that  characteristic  o(  fluid 
u'iihin  the  tympanum  to  the  harsh,  bubbling  sounds  which  arc 
indic'itive  of  secretion  at  the  pharyuged  orifice  of  the  canal 
Subsequently  ausadtation  reveals  an  entire  absence  of  bub- 
bling sounds  as  the  air  enters  the  cavity.  When  rcnKived  in 
this  manner,  the  effusion  is  apt  to  accumulate  a  second  lime. 
To  prevent  this,  it  is  wise  to  follow  the  simple  inflation  with 
the  introduction  of  a  medicated  ^-apor  into  the  middle  car. 
The  vapor  of  comiwund  tincture  of  benzoin,  of  eucalyptus. 
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menthol,  alcohol,  ether,  iodine,  or  any  other  volatile  drug  which 
possesses  mild  stimulating'  properties  may  be  used.  The  length 
of  lime  during  which  the  application  shall  be  continued  will 
depend  upon  thecffcct  produced :  the  dcgrecof  irritation  should 
not  be  sufTident  to  amount  to  acluai  pain,  and  the  patient 
should  be  conscious  of  but  a  moderate  stinging  sensation  as 
the  current  enters  the  tympanum.  If  the  fluid  accumulates  a 
second  time,  or  if  our  efforts  at  evacuation  through  the  tube 
are  not  successful,  the  membrana  tympant  must  be  incised. 
Only  very  general  rules  can  be  given  as  to  the  proper  point  of 
locating  the  inci.tion,  since  the  fluid  may  lie  encapsulated  in 
some  of  the  reduplications  of  the  lining  membrane.  I(  the  en- 
tire cavity  is  filled,  however,  it  is  best  to  make  the  incision  in 
the  posterior  qiiatlrant,  dividing  the  membrane  from  a  point 
just  below  tlic  posterior  fold  to  the  inferior  ]>ole.  the  line  of 
section  running  iiarallcl  to  the  peripheral  attachment  of  the 
membrane.  This  incision  may  seem  unnecessarily  tree,  but  the 
results  obtained  arc  much  better  than  where  a  small  opening 
is  made,  since  a  large  opening  permits  complete  evacuation  of 
the  fluid,  and  the  parts  heal  within  a  few  hours,  with  the  devel- 
opment of  no  cicatricial  tissue.  A  small  opening  remains  patent 
for  a  longer  period  and  is  closed  by  a  deposit  of  cicatricial  tis- 
sue, and  the  tension  of  the  drum  membrane  is  altered. 

After  the  membrana  tympani  has  been  incised  certain  meas- 
ures may  be  necessarj'  to  cause  the  lining  membrane  of  the 
middle  car  to  return  to  a  perfectly  normal  condition,  and  thus 
prevent  the  reaccuinulation  of  the  fluid.  These  measures  con- 
sist in  the  instillalion  of  astringent  solutions  through  the  open- 
ing made,  or  their  injection  through  the  Eustachian  tube.  The 
former  method  is  decidedly  preferable,  since  the  results  ob- 
tained are  equally  good  and  the  discomfort  to  the  iwtient  is 
much  less.  In  certain  instances  a  small  amount  of  fluiil  remains 
in  the  cavity  after  the  greater  portion  lias  been  absorbed;  this 
remnant  becomes  inN])issated  anil  adheres  closely  to  the  lining 
membrane  of  the  middle  car.  Inflation  of  the  tympanum  fails 
to  remove  the  collection  cither  on  acount  of  its  viscidity,  or 
owing  to  the  fact  that  it  lies  out  of  the  direct  air  current.  Under 
these  conditions  the  tympanum  should  be  thoroughly  washed 
out  with  Ixiilcd  \vater  or  with  Tliiersch's  solution.  This  lavage 
may  be  carried  out  either  through  the  Eustachian  lube  or 
through  an  artificial  opening  in  the  membrana  tympani.  Where 
the  object  is  to  cleanse  the  cavity  rather  than  to  medicate  its 
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lining  membrane,  irrigation  through  the  Eustachian  tuhc  is 
preferable,  since  all  the  recesses  of  the  cavity  arc  reached  in 
this  way  and  a  considerable  quantity  of  fluid  may  be  used  in 
irrigation.  In  carr>'ing  out  this  procedure  the  catheter  should 
possess  a  rather  sharp  curve,  and  the  cur\'ed  portion  should  be 
somewhat  longer  than  where  the  instrument  is'  used  for  infla- 
tion simply.  It  should  be  of  such  size  as  to  permit  its  entrance 
into  the  Eustachian  tube  for  a  considerable  distance.  Vciy 
little  force  should  be  used  in  injecting  the  fluid  through  the 
tube  into  the  middle  car.  The  injection  may  be  made  either 
with  the  common  syringe  or  with  a  fountain  syringe,  the  reser- 
voir being  raised  to  such  a  level  as  to  permit  the  current  to 
pass  slowly.  In  this  way  any  inspissated  material  is  removed 
and  the  cavity  thoroughly  cleansed.  If  pro]>er  .-Lsoptic  pre- 
cautiitns  have  been  observed,  the  wound  in  the  membrana  tym* 
pani  closes  within  thirty-six  hours  and  usually  re.iccnmulation 
docs  not  take  place,  while  the  improvement  in  function  is  fre- 
quently considerable.  It  must  be  slated  that  although  paracen- 
tesis afTords  a  simple  and  efticicnt  means  of  disposing  of  fluid 
within  the  tympanum,  the  collection  is  exceedingly  liable  to 
reaccumulatc.  When  this  occurs  in  individuals  beyond  fifty 
years  of  age  it  js  unwise  to  attempt  any  radical  measures  to 
prevent  reacctmnilation  of  fluid.  Incision  of  the  niembona 
tynipani  in  these  cases  is  not  painful  and  afTords  complete  relief 
for  periods  varj'ing  from  a  few  weeks  to  several  months.  In 
advanced  age  the  reparative  processes  of  the  body  arc  decidedly 
below  the  normal  standard,  and  very  slight  causes  easily  exrite 
a  mitldlc-car  inflammation.  Our  efforts,  therefore,  should  aim 
rather  to  relieve  these  cases  by  successive  operations  than  to 
attempt  permanently  to  cure  the  affection  by  means  which  may 
result  in  a  serious  middle-ear  inflammation. 

Under  the  impression  that  the  continued  pressure  of  the 
manubrium  mallei  upon  the  internal  wall  of  the  middle  car 
acted  as  an  exciting  cause  of  the  inflammatory  process,  and 
that  the  maintenance  of  the  malleus  in  this  abnormal  position 
was  due  largely  to  shortening  of  the  tensor  tympani  tendon. 
Weber- Liel  ♦  advocated  the  operation  of  tenotomy  of  this  mus- 
cle in  these  cases.  H  we  could  separate  cases  in  which  the 
tnllammalory  process  depended  entirely  upon  the  spastic  con- 
traction of  the  tensor  tynipani  muscle  there  is  but  little  doubt 
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that  section  of  the  temlon  would  be  followed  by  complete  cure. 
Unfortunately,  \vc  have  no  means  of  recognizing  the  fact  Ihal 
the  process  is  so  limited  in  extent,  and  experience  leaches  that 
by  ihc  lime  the  tendon  is  permanently  shortened  other  portions 
o(  the  middle  ear  have  become  affected.  The  relief  obtained 
by  the  o]>eration  was  demonstrated  by  an  improvement  in  tlie 
ear  operated  upon  and  also  by  a  decided  improvement  in  the 
organ  of  the  opposite  side,  and  both  Weber-LicI  ami  later  Cho- 
lewa  •  have  urged  the  advisability  of  tlie  procedure  for  the 
purpose  of  preventing  the  extension  of  Uiscase  to  the  opposite 
car.  The  only  fault  that  can  be  found  with  the  procedure  is 
that  it  is  not  radical  enough,  as  it  corrects  the  increase  in  ten- 
sion at  but  one  point  in  the  ossicular  chain.  The  tendon  of  the 
tensor  tympani  may  he  the  locality  in  vshich  the  fibrous 
changes  first  manifest  themselves;  but,  before  this  condition  is 
recognized,  a  diffuse  hypertrophic  process  has  involved  a  large 
portion  of  the  membrane  lining  of  the  nu(Ullc  car.  It  is  our 
duty,  then,  to  attempt  the  correction  of  this  condition  as  well 
as  to  direct  our  measures  toward  the  contracted  tendon  of  the 
tensor 

In  order  that  the  mucous  membrane  of  the  tympanum  may 
resume  iis  normal  condition  after  hypertrophic  chaUKCS  have 
once  taken  place,  it  is  necessary  to  increase  temporarily  the 
blooil  supply  of  the  part:  in  other  words,  to  create  artificially 
a  moderately  acute  inflammatory  process.  Tlie  most  con- 
venient method  of  effecting  this  change  is  to  introduce  some 
stimulating  vapor  through  the  Eustachian  tube  into  the  mid- 
dle ear  in  the  manner  described,  at  the  same  time  removing 
all  secondary  causes  whicli  tend  to  increase  the  congestion  of 
the  tympanic  lining.  Stimulation  by  means  of  fluids  injected 
into  the  cavity  should  not  be  undertaken  imlcss  an  opening 
has  been  previously  made  in  the  meinbrana  tympani.  If  in 
any  given  case  it  seems  advisable  to  inject  llind  into  tlie  mid- 
dle ear.  care  must  be  taken  that  the  irstnnnents  employed  in 
the  operation,  as  well  as  the  flni<l  itself,  have  been  thoroughly 
sterilized  by  heat.  I  am  decidedly  in  favor,  where  it  is  neces- 
sarj*  to  use  fluids  in  this  manner,  to  introduce  them  into  the 
tympanum  through  an  opening  made  in  the  mcmbrana  tym- 
pani for  the  purpose. 

The  choice  of  medicated  vapors  in  any  given  case  will  de- 
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penci  ii|x>ii  the  nilcs  ^vcn  for  their  selcclion  for  a  idmilar  co 
(litiori  of  the  Eustachian  tube  in  acute  cases.  If  it  seems  \^i£e 
to  make  use  of  dnigs  in  sohition,  we  should  begin  at  first  with 
weak  solutions,  such  as  a  solution  of  zinc  chloride,  two  gnins 
to  the  otinrt.';  zini:  sulphate,  ten  grains  t(i  the  ounce:  or  nitrate 
of  silver,  ten  goins  to  the  ounce.  The  strength  of  the  wdu- 
tion  may  be  increased  iinli!  the  desired  cfTect  is  ohtained.  The 
fluid  is  introduced  through  the  opening  in  the  mcinbrana  tym- 
pani  by  means  of  ihc  middle-car  syringe  (shown  in  Fig.  99), 
or  by  the  middle-ear  pipette.  My  experience  has  been  that 
where  the  process  hiis  advanced  so  far  that  the  introduction  of 
vapors  does  not  produce  the  desired  effect,  no  benefit  is  gained 
by  ihe  injection  of  tUiids. 

I'assivc  motion  for  securing  greater  mobility  in  the  ossic- 
tilar  chain  by  stretching  the  newly  deposited  tissue  is  not  indi- 
cated here,  as  when  the  disease  Is  in  this  hypertrophic  stage  it 
constitutes  an  active  inflammatory  process,  which  may  he 
aggravated  by  mechanical  irritation.  The  amoimt  of  motion 
imparted  to  the  ossicles  by  catheter  inflation  prcser\'es  their 
motility  sufficiently  wiihout  the  employment  of  other  meas- 
ures in  this  direction.  Where  the  tension  of  tlic  ossicular  chain 
is  relaxed,  great  improvement  sometimes  follows  the  use  of  an 
artificial  stipjiort.  as  first  suggested  by  Blake.*  This  may  con- 
sist of  a  small  ]>lt'dget  of  cotton  iusertctl  in  front  of  the  short 
process  of  the  malleus  so  as  to  press  upon  it,  crowding  the 
ossicle  backward  and  inwanl.  or  a  narrow  strip  of  thin  rubber 
may  be  used,  the  ends  of  the  strip  being  brought  together  and 
grasped  in  the  forceps,  and  carried  into  the  canal  so  that  the 
convexity  of  the  fold  in  the  strip  of  rubber  rests  against  the 
short  process.  Uijon  removing  ilie  forceps  the  ends  of  the 
rubber  separate,  impinging  u|)on  the  anterior  and  posterior 
walls  of  the  canal,  while  the  convex  surface  of  the  strip  presses 
against  the  short  process  of  the  malleus  and  crowds  the  os^cle 
against  the  incus. 

Failing  to  check  the  progress  of  the  ih'sease  by  any  of  the 
above  measures,  or  in  cases  of  long  standing  in  which  sclerotic 
changes  are  beginning  to  take  place,  as  evidence<I  by  marketl 
retraction  of  the  niembrana  tympani.  exaggeration  of  ihe  [fos- 
terlor  fuUi,  and  the  presence  of  atrophic  areas  in  the  <lnim 
membrane  itself,  resort  must  be  had   to   surgical   measures. 
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These  comprise  tenotomy  of  the  tensor  tympani,  as  already 
mentioned,  division  of  an  cxagKerated  posterior  fold  (plicoto- 
my).  section  of  intratympanic  adhesions  binding  the  o&sicles  to 
each  other  or  to  the  tympanic  wall,  or  separation  of  the  drum 
membrane  from  the  internal  wall  of  ihe  mi<ldle  ear,  to  which 
it  may  have  adhered;  all  are  of  value  In  special  cases.  The 
only  objection  to  them  lies  in  the  fact  that  the  lesion  is  sel- 
dom limited  to  one  particular  region.  The  evidence  of  increased 
tension  within  the  conducting  chain  is  uniTiistakalilc.  Imt  in 
almost  all  cases  the  entire  conducting  chain  is  involved,  and  not 
one  particular  portion. 

Where  the  membrana  tympani  alone  is  the  scat  of  the  ot)- 
slruction  the  establishment  of  an  opening  tliroujjh  the  drum 
membrarie  is  beneficial,  lis  periiianeticy  was  long  ago  shown 
to  be  Ihe  exception  rather  than  the  ndc,  however.  If  the  mem- 
brane is  relaxed,  its  tension  may  be  corrected  by  applying  a 
<lisk  of  thin  pai>cr  over  the  relaxed  area.  If  the  paper  disk  is 
moistened  before  it  is  applic<!  it  wilt  maintain  its  position  upon 
drying.  My  own  practice  has  been,  whenever  impairment  of 
function  has  seemed  to  depend  entirety  upon  a  middle-ear 
lesion,  and  when  sunisfactory  improvement  has  not  been  ob- 
tained by  the  employment  of  measures  detailed  above,  to 
remove  the  mcmbrana  tympani,  malleus,  and  incus,  and  to 
divide  subsequently  adhesions  about  the  stapes  and  aliont  the 
round  window.  The  membrane  may  be  rcprmhiccd,  but  the 
septum  thus  formed  is  thin,  c«»nii)ar;Ltivcly  insensitive,  and  ])os- 
sesses  but  slight  vitality.  Its  removal  is  easily  effected  a  sec- 
ond time,  or  even  a  third  time  if  necessary,  after  which  a  per- 
manent opennig  usually  remains.  The  chief  value  of  the  pro- 
cedure lies  in  the  fact  that  it  en;ibles  us  In  free  the  stapes  from 
adhesions  which  may  subsequently  develop  and  be  a  source  of 
serious  functional  impairment. 

The  subject  of  surgical  interference  in  these  cases  and  the 
technique  of  the  various  opcnitions  is  con5idere<l  in  the  section 
devoted  to  the  operative  surgery  of  the  middle  ear. 

H  Chronic  Hyperplastic  Otitis  Media. 

Etiology. — The  hyperplastic  form  of  tympanic  inflamma- 
lion  may  develop  from  the  form  described  in  the  preceding 
section:  rarely  it  follows  a  pundcnt  otitis  media;  it  may  also 
occur  as  an  idiopathic  affection.  The  cases  belonging  to  the 
idiopathic  group  may  follow  a  severe  illness,  physical  or  men- 
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tal  exhaustion,  and  nialniUrition.  They  may  ticpcnd  upon 
inlcrfcrcnce  wilh  ihc  trophic  nerve  supply  of  the  mi<ldle  car. 
Sex  exerts  a  certain  influence,  females  bein};  more  (rcqucoily 
attacked  than  males,  from  which  wc  assume  that  exposure  plays 
but  little  part  in  the  causation  of  the  affection.  A  severe  men- 
tal shock,  such  as  fright,  may  exert  a  causative  influence  In 
the  disease  under  consideration.  The  influence  exerted  by  any 
abnormal  condition  in  the  upper  air  passages  is  usually  of  but 
sh'ght  importance  except  in  those  cases  which  follow  the  hype- 
trophic  form  of  inflammation.  The  disease  may  attack  both 
cars,  or  the  organ  of  but  one  side  may  be  affected.  When  the 
condition  is  present  upon  both  sides  the  organ  last  affected  may 
become  inv-olved  only  after  many  years,  and  it  frecpienily  Iiap- 
pens  that  patients  do  not  discover  any  imjxiirnient  of  hearing 
until  the  previously  healthy  car  is  afTectcd.  when  examination 
reveals  marked  inipainnent  in  the  hearing  power  of  the  opposite 
side.  The  atlectiou  is  to  an  extent  heredilao'.  cspcci.Tlly  in 
those  cases  of  neuropathic  origin,  atthtrngh  this  factor  in  causa- 
tion is  probably  much  overrated.  Hyperplastic  inflammation 
of  the  middle  ear  is  most  common  between  the  ages  of  foriv 
and  fifty,  although  it  may  develop  in  early  adult  hfe,  or  even  In 
childhood.    Its  development  in  advanced  age  is  rare. 

Pathology. — The  changes  which  the  mncous  meinhranc 
undergoes  have  already  l)cen  tonrhcd  upon.     They  con^isl  oi 
an  increa-sc  of  fibrous  tissue  in  the  mncous  membrane  linillR 
the  tymi)annni.  which  liccomcs  firm  and  dense  in  consistency 
and  less  vascular.    The  augmentation  of  the  fibrous  elements 
causes  atrophy  of  the  glandular  slnictiires  and  diminished  secre- 
tion results.    As  the  tissues  underfill  this  fibrous  mclamorpho- 
sis  they  become  dense,  and  the  normal  ligaments  which  support 
tile  o,ssicIes  within  the  middle  ear  and  which  bind  ihcm  to  one 
another  arc  shortened.    In  addition  to  these  changes  in  the  lift- 
ing niendtranc,  a  certain  amount  of  new  tissue  is  deposited, 
forming  bands  of  adhesions  between  the  ossicles  and  the  internal 
wall  of  the  lynipanum,  displacing  the  ossicular  chain  and  bind- 
ing it  firmly  to  the  osseous  walls  of  the  middle  ear.    The  mem- 
brana  tympani  is  usually  unchanged  in  the  early  stages,  but 
by  stretching  may  bccnnic  atrophic  in  places,  or  by  prolonged 
contact  wilh  the  internal  wall  of  the  tympanum  may  become 
adherent  to  it.     The  hyperplastic  changes  arc  usually  more 
marked  in  the  region  of  the  oval  or  the  round  window,  in  the 
former  position  binding  the  stapes  firmly  in  the  pelvis  ovalis; 


> 


PATHOLOGY. 


381 


while  occurring  in  the  latter  locality  they  prevent  free  oscilla- 
tion of  the  nieiTibrana  tyiiipani  secundaria.  When  the  stapcclio- 
veslibular  ligament  is  Involved,  the  fuot  plate  hecoiiics  liriiily 
fixed  in  the  foramen  ovale,  and  in  cases  of  long  standing  bony 
sclerosis  may  occur.  The  tendon  of  the  stapedius  muscle  with 
the  mucous  (olds  which  commonly  invest  it  iui<lcrgucs  shorten- 
ing, causing  displacement  and  fixation  of  the  stapes,  the  poste- 
rior cnts  being  drawn  toward  the  adjacent  wall  of  the  oval 
niche,  to  which  it  contracts  adhesions.  All  of  these  changes 
about  the  oval  anil  round  windows  may  occur  without  displace- 
ment of  the  mcmbrana  tympani.  or  without  giving  rise  to  any 
changes  discoverable' upon  ocular  inspection. 

When  the  upper  part  of  the  cavity  is  much  involved,  the 
entire  ossicular  chain  is  frequently  displaced  inward,  dimin- 
ishing the  breadth  of  the  tympanic  cavity  without  rotation  of 
the  ossicles  about  the  axis  band.  In  other  cases  the  fibres 
may  be  so  disposed  a.1  to  dniw  the  ti|)  of  the  manubrium  in- 
ward, exaggerating  the  anterior  and  jio-itcrior  folds  and  giv- 
ing rise  to  a  picture  similar  to  that  seen  when  the  Eustachian 
lube  is  closed,  the  handle  of  the  malleus  lying  almost  hori- 
zontal, the  short  process  being  prominent. 

The  changes  may  involve  the  upper  pari  of  the  cavity  pri- 
m.irily.  and  lead  to  rotation  of  the  mnllcus  nhoul  its  long  axis, 
increasing  or  diminishing  its  apparent  breadth,  as  observed  in 
speculum  examination.  A  process  sclerotic  from  the  first  dots 
not  give  rise  to  the  cnmipled  appearance  in  the  menibrana 
flaccitia  menliojied  tti  tlie  preceding  chapter;  this  condition,  ac- 
cording to  Watb.*  is  characteristic  of  a  secoiidar>'  sclerosis  fol- 
lowing hypertrophic  changes.  The  same  may  be  said  in  general 
of  most  of  the  changes  recognizable  in  oiosco]>ic  examination, 
marked  displacement  of  the  ossicular  chain  usually  indicating 
a  prccwling  hypertn>phic  process. 

The  inflammatory  process  is  not  limited  to  connective  tissue 
alone,  but  may  involve  the  osseous  structures  as  well.  When 
(his  occurs  the  shaft  of  the  malleus  may  present  Irregularities 
due  to  localized  periostitis, 

Labyrinthine  involvement  of  various  grades  may  occur 
tven  in  the  early  stages.  It  may  be  so  slight  as  to  escape  no- 
lice  or  in  advanced  cases  so  extensive  as  to  play  an  important 
part  in  ihe  impairment  and  per\'erfiion  of  the  function.    When 
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both  tars  are  affected  the  labyriiilhine  involvement  ts  frequently 
more  marke<l  upon  the  si<lc  last  in^'olved. 

The  clianges  occurring  in  the  Eustachian  tube  resuh  in  an 
undue  patency  of  the  canal:  this  condition  exposes  the  parts 
niihin  the  tympanum  to  traumatism  from  violent  cETorts  at 
coiigliing,  sneezing,  or  clearing  the  nose.  The  tubal  muscles 
arc  also  involved,  Ijccoming  aia>phic  quite  ea,riy  in  the  coiu^ 
of  the  disease. 

Otosclerosis,  Rarefying  Osteitis  of  the  Labyrinthine  Capsule. — 
In  addition  to  (he  secondary  changes  in  the  labyrinth,  such  as 
fixation  of  the  liead  antl  fool  pl;itc  of  the  slapcs,  cunsctiuent 
to  niid»IIe-e;ir  changes,  we  sometimes  find  changes  occurring 
in  the  bony  labyrinth,  with  little  or  no  change  in  the  middle 
car.  These  changes  in  the  labyrinth  consist  in  the  development 
of  new  osseous  ti.s5ue  within  it.  usually  in  the  vicinity  of  cither 
the  oval  or  the  round  window.  Tlie  process  constitutes  a  true 
osteitis.  The  new  Ijony  deposit  may  either  be  in  the  vestibule — 
that  is.  beyond  the  foot  plate  of  the  stapes — or  it  may  be  in 
the  stapedio-vestihular  ligament,  or  may  invade  the  foot  phte 
of  the  stapes,  the  ligament  and  the  oval  window  itself.  Some- 
times these  deposits  occur  in  the  region  of  the  round  window, 
almost  completely  closing  this  opening.  In  some  instances, 
where  this  condition  is  present,  the  drum  membrane  may 
present  absolutely  no  deviation  from  the  normal  standard. 
The  Eustachian  tube  is  entirely  patent,  and  both  ocular  in- 
spection and  auscultation  reveal  nothing  abnormal  about  the 
middle  e;ir. 

Symptomatology. — In  the  early  stages  the  affection  is  so 
insidious  that  considerable  damage  occurs  before  the  atten- 
tion of  the  patient  is  directed  to  the  ears.  Subjective  noises 
are  present  in  a  large  numl>cr  of  instances,  and  often  cause 
more  distress  than  the  impairment  of  hearing,  llicy  appear 
early  in  the  affection,  as  a  nile.  and  increase  in  severity  as  the 
disease  progresses.  Slight  attacks  of  giddiness  may  also  occur 
in  the  early  stages,  but  arc  usually  attributed  by  the  patient 
to  a  disturbance  of  digestion  or  to  some  irregularity  in  the  habit 
of  life.  The  impairment  in  hearing  is  at  first  moderate,  and 
its  advance  is  so  gradual  as  not  to  be  noticed  by  the  patient 
until  both  organs  are  involved,  or  until  one  is  seriously  aflEcctcd. 
Pain  of  neuralgic  type  and  intennittcnt  in  character  is  occa- 
sionally present  in  these  cases.  The  attacks  of  pain  are  usually 
of  but  short  duration,  the  patient  complaining  that  several  times 
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during  ihc  day  there  has  been  a  sudden  sharp  pain  in  the  throat 
mtliating  toward  itic  car.  Occasionally  .1  (hill  headache  referred 
to  tlic  orbital  region  of  one  or  both  sides  is  coni|)lained  of. 
This  is  apt  to  persist  for  a  considerable  length  of  time,  and  the 
patient  feels  entirely  unfitted  for  any  kind  of  mental  or  physical 
labor,  the  entire  scnsorium  being  to  an  extent  blunted.  This 
dull  mental  condition  causes  considerable  depression,  which  in 
turn  aggravates  both  the  impairment  in  function  and  the  dis- 
tress ca«se<l  hy  the  tinnitus.  As  ihe  result  of  this  impairment 
oi  the  genera!  nervous  tone,  the  condition  of  the  patient  may 
approach  that  seen  in  melancholia,  and  in  certain  instances  the 
patient  may  develop  a  suicidal  mania  and  attempt  to  take  his 
own  life  rather  than  bear  the  distress  which  the  tinnitus  occa- 
sions. The  perverted  mental  condition  affects  the  general  nu- 
trition of  the  body,  and  the  jKilient  loses  tiesli.  becomes  anarmic, 
and  to  all  appearances  is  siitTering  from  some  severe  con- 
stitutional malady,  producing  pronounced  neurasthenic  symp- 
toms. 

In  the  more  advanced  stages  the  impainnent  i>f  hearing  is 
o(  a  somewhat  peculiar  type,  in  thai  it  iinclergoc-s  marke<l 
changes  from  no  other  assignable  cause  than  the  efT4)rt  made 
by  the  )>atient  to  umlerstand  conversation.  When  attention 
is  not  particularly  drawn  to  the  fact  that  the  power  o(  audi- 
tion is  being  tested,  the  hearing  may  be  fairly  good;  the  mo- 
ment, however,  the  patient  is  conscit)US  iliat  a  test  is  being 
mn<Ie  of  his  ability  to  hear  certain  sounds,  the  impainnent  in- 
creases to  a  marked  degree,  and  words  which  a  few  moments 
before  have  been  understood  perfectly  well  are  not  heard.  The 
facics  which  these  patients  present  is  somewhat  characteristic, 
being  indicative  of  intense  mental  strain,  due  probably  to  their 
efforts  to  conceal  their  affliction, 

U  must  be  admitted  also  that  the  constant  effort  to  hear 
which  these  patients  exert  is  responsible  for  the  conrlition  of 
impaired  ncr\ous  lone  from  which  they  suffer.  The  fatigue 
of  the  higher  centres  from  this  constant  strain  can  not  fail 
to  exert  a  profound  influence  upon  the  ner\'c  elements  and 
lead  to  ner\'e  exhaustion. 

A  curious  menial  perversion  which  many  exhibit,  in  addi- 
tion to  the  depression  of  spirits  already  spoken  of,  is  the  feeling 
of  suspicion  with  which  they  regard  even  their  most  intimate 
acquaintances.  As  they  can  not  understand  general  conver- 
sation, the  patients  in  whom  the  neurotic  tendency  is  pro- 
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noiinccd  seem  to  feci  that  any  remark  made  in  a  low  tone 
refers  to  their  condition  and  is  a  direct  reflection  upon  them. 
For  this  reason  many  become  averse  to  ])erfaniiiiij;  iheir  social 
duties  ami  isolate  themselves  as  completely  as  possible.  It  is 
hanlly  necessary  to  stale  that  this  actiun  tends  rather  to  increase; 
than  to  relieve  the  functioiia!  impairment. 

After  the  disease  has  persisted  for  a  long  time  the  tinnitus, 
which  was  at  first  distressing,  may  l)ecome  less  marked,  or 
may  disappear  completely.  When  both  ears  are  involved,  the 
tinnitus  is  often  more  severe  upon  the  side  last  affected.  This 
is  undoubtedly  due  to  the  fact  that  labyrinthine  changes  upon 
the  side  primarily  affected  have  gone  on  lo  such  a  degree  thai 
the  portion  of  the  hbyrinth  which  normally  responds  to  sounds 
similar  in  character  to  the  tinnitus  fniin  which  they  formerlif 
suffered  has  been  completely  exhausted,  ami  no  kmgcr  reacts 
to  stimulation  due  to  increased  pressure. 

Diajrnosis. — A.  Physical. — These  cases  present,  upon  ex- 
amination, appearances  which  vary  widely,  according  to  the 
course  which  the  aflfection  has  pursued.  When  the  process  has 
been  sclerotic  from  the  first,  the  ear  may  present  no  changes 
upon  inspection.  The  position  of  the  light  reflex  may  be 
normal;  the  lustre  of  the  membrane  may  be  preserved;  the 
density  may  be  uniform,  and  no  deviation  from  the  normal 
position  may  be  recognizable.  Under  these  conditionj  we  are 
usually  correct  in  assstiming  that  the  process  has  been  of  llit 
hyperplastic  type  from  its  incipicncy.  and  that  the  deposit  of 
fibrous  tissue  has  i.akcn  place  chiedy  about  the  oval  and  round 
windows.  Occasionally  inspection  of  the  inner  extremity  of 
the  osseous  meatus  will  reveal  a  slight  change  in  color,  the  cutis 
being  of  a  somewhat  pinkish  tinge.  This  is  indicative  of  the 
presence  of  an  inflammatory  process  within  the  tympanic  cavity. 
and  shows  that  the  disease  is  still  in  an  active  stage.  Where  the 
membrana  tympani  has  become  slightly  atrophic  we  may  ob- 
ser\*e  a  similar  congestion  affecting  the  inner  tympanic  wall, 
which  imparts  a  slightly  pinkish  tinge  to  the  other^vise  norma! 
membrana  tympani.  The  thinning  of  the  membrana.  panicu-  _ 
larly  of  the  upper  and  posterior  segment,  may  enable  us  to  sec  B 
the  long  process  of  the  incus,  the  incudo-stapedial  articidation. 
and  stapedius  tendon  in  their  normal  position  (Fig.  95).  In 
other  instances  wc  may  have  slight  sinking  inward  of  the  mem- 
hnina  tympani,  with  rotation  of  (he  malleus  about  its  long  axis. 
If  rotation  has  occurred  from  behind  forward,  the  sliaft  of  the 
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mallcQS  appears  somewhat  broader  than  normal,  and  of  a  dcad- 
\vliite  color  (Fig,  102).  Tins  cliange  in  color  is  due  to  atrophic 
changes  in  the  overlying  fibrous  layer.  When  rotation  t:ikcs 
j)lacc  in  the  opposite  direction  we  usually  have  coiKicIerabIc 
retraction  of  the  mcmbrana  tympani.  exaggeration  of  the  ante- 
rior and  posterior  folds,  and  the  fundus  of  the  canal  assumes 
a  more  circular  contour  (Fig.  104).  In  these  cases  a  sharp 
edge  of  the  prismatic  shaft  of  the  manubrium 
is  ]>resente<l  to  view,  which  causes  the  shaft 
to  appear  narrower  than  normal.  In  cases  of 
long  standing,  especially  if  met  witli  in  ad- 
vanced life,  the  inflainmatory  process  may 
liave  induced  certain  changes  in  the  perios- 
teal covering  of  the  manubrium  mallei,  as  Ihe 
result  of  which  irregularities  in  outline  appear 
upon  the  shaft.  These  arc  really  calcific  de- 
posits in  tliis  periosteal  covering.and  arc  wor- 
thy of  note,  as  they  suggest  the  ])ossihilily  nf 
similar  deposits  within  the  tympanic  cavity  in  the  neighborhood 
of  ilie  oval  or  round  window.  Where  the  degree  of  depression 
of  the  dnim  membrane  is  considerable  the  prcKcss  has  nanally 
supervened  upon  preceding  hypertrophic  changes.  The  in- 
creased tension  to  which  the  membrana  tympani  has  Iieen  sub- 
jected has  resulted  in  an  yttcnnati<m  of  its  fihrons  layer,  and  in- 
spection of  the  underlying  intratympanic  p:irls  is  possilile.  fn 
addition  to  these  changes,  it  is  not  uncommon  to  find  the  drum 
membrane  adherent  in  places  to  the  inner  wall  of  the  tym- 
panum, particularly  al  the  umbo.  The  position  of  the  light 
reflex  varies  with  the  degree  of  inclination  of  the  membrana 
to  the  walls  of  the  canal.  Imt  is  of  little  diagnostic  impor- 
tance. As  mentioned  before,  changes  in  the  membrana  flac- 
cida  are  of  diagnostic  importance  in  determining  the  devel- 
opment of  disease  upon  a  preceding  hypertrophic  process. 
When  this  has  occurred,  the  membrana  flaccida  presents  a 
crumpled  appearance,  and  may  be  adherent  to  the  neck  of 
the  malleus.  In  cases  that  have  been  hypen>tasttc  from  the 
start  ShrapncH's  membrane  presents  no  such  changes,  but  pre- 
serves its  normal  conformation,  although  its  color  may  be 
slightly  lighter  than  in  health.  Deposits  of  lime  salts  in  the 
membrana  tympani  arc  seldom  seen,  although,  when  the  con- 
<Iiiion  is  met  with  in  .idvunced  life,  such  deposit  may  he  pres- 
ent  along  the  annulus  tympanicus. 


386  CHRONIC  CATARRHAL  OTITFS  MEDIA. 

B.  Functional  Examination. — The  Iiearing  power  is  Uimm- 
ishcd  to  a  varying  dcjjrec  for  holh  wIiispiToU  ami  spoken  words. 
The  degree  of  innKiinnent  for  sharp  noises,  such  as  the  lick 
ofawalcliorthesoLintl  of  an  acoumeicr,  varies  wilh  theanwimt 
of  labyrinthine  involvement  present,  and  licncc  constitntM  ui 
unsafe  test  for  estimating  the  power  of  audition  when  the  cast 
first  comes  uinler  exaintiiation,  or  suhsequently  for  dctcrmira- 
tion  of  the  improvi-mcnt  which  has  foIIoweJ  as  the  result  of 
treatment.  Ouitc  frequently  the  hearing  power  for  the  watch 
and  the  voice  will  be  disproportionate.  The  watcli  may  not  be 
heard  at  all,  wliile  spoken  or  whimpered  words  may  lie  heard  for 
a  consideTaI>le  distance,  and  the  palient  may  consider  this  car 
better  than  its  fellow,  although  upon  the  opfKisile  side  the  walck 
may  be  licard  at  a  considerable  distance,  while  the  voice  can 
not  be  understood  as  well  as  on  the  other  side.  This  clcpciidi 
upon  the  fact  that  the  labyrinthine  changes  impair  the  hearing 
for  sharp  sounds,  such  as  the  tick  of  a  watch,  since  these  lie  in 
the  upper  portion  of  the  musical  scale,  while  that  portion  of 
tlie  mnsic.'i!  register  which  is  made  use  of  in  conversation  lie*  in 
the  louver  portion  of  the  scale,  and  may  be  perceived,  although 
considerable  labyrinthine  involvement  is  present.  Interference 
wiiTi  the  conducting  mechanism,  on  the  other  hand,  impairs  Ihe 
bearing  first  for  the  lower  noies.  and  hence  conversation  Q 
beard  more  poorly  in  the  ear  .possessing  the  most  marked  tj* 
panic  involvement. 

The  lower  tone  limit  is  considerably  ele\"ated.  Bone  con- 
duction is  increased  where  the  changes  are  confined  to  tlic 
middle  ear.  The  fork  placed  upon  the  vertex  is  referred  W 
the  poorer  car  provided  only  middle-ear  changes  have  taken 
place,  but  where  serious  labyrinthine  changes  have  occurrd 
il  may  be  referred  to  the  better  ear.  This  is  not  invariable, 
however,  for.  as  already  stated  in  jjathology.  changes  tn  the 
[icrccptive  apparatus  in  the  car  last  involved  often  progress 
with  great  rapidity,  becoming  in  a  short  time  more  extensirc 
than  in  the  organ  first  afTected.  When  this  is  the  case  ihc 
vibrating  tuning  fork  applied  over  the  median  line  of  the  skall 
may  be  refened  to  the  ear  which  was  first  aflFecletl.  although 
this  may  be  the  poorer  ear.  This  shonid  not  mislend  the  ex- 
aminer into  believing  that  the  trouble  upon  the  side  to  whici' 
the  fork  latenilizcd  is  entirely  free  from  laliyrinthine  troubte- 
Increased  tension  in  the  conducting  svslein  mav  be  suflicico' 
to  produce  this  phenomenon,  even  when  the  labyrinth  is  iO" 
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volved  to  a  consiilerable  extent.  Alwolute  bone  conduction 
may  vary  according  to  the  age  of  the  patient  as  well  as  uilh 
the  degree  to  which  ihc  labyrinth  has  suffered;  hence  this 
test  yiehls  but  little  information.  When  absolute  bone  con- 
iluction  is  exaggerated  we  are  justified  tii  assuming  that  no 
serious  labyrinthine  involvement  exists.  In  cases  nccurring 
in  advanced  life,  however,  the  labyrinth  may  be  intact,  although 
sound  conduction  through  the  cranial  bones  is  below  normal. 

Of  much  more  vahie  than  al)soUite  bone  conduction  is  the 
relative  duration  of  .sound  perception  through  the  solid  nie<lia 
as  compared  with  the  pcrio<l  during  which  the  same  sounil  is 
heard  through  the  air.  In  this  manner  wc  are  able  to  esti- 
mate with  considerable  certainty  the  amount  of  impairment  de- 
pending upon  the  labyrinthine  changes,  as  distinguished  from 
that  cause<I  by  the  intratympanic  lesion.  In  a  given  case,  where 
whispered  words  are  but  poorly  perceivc'l,  if  the  reversal  of 
ihe  relation  hetween  air  and  hone  conduction  exists  for  a  fork 
making  5J2  V.  D.  or  for  a  fork  of  the  next  higher  octave,  we 
arc  warranted  in  assuming  that  most  of  the  impairment  dc]>cnds 
upon  intratympanic  changes.  With  the  same  degree  of  func- 
tional impairmcul,  if  this  reversal  should  occur  only  for  a  fork 
making  64  V.  D.,  while  for  the  octave  above  this  the  air  coii- 
duelioii  was  better  than  bone  conduction,  we  should  assume 
that  serious  labyriiuhine  changes  hail  taken  place. 

The  determination  of  the  upper  tone  limit  is  of  great  value 
in  these  cases  in  confirming  the  fact  that  the  labyrinth  is 
involved.  Tlic  first  turn  of  the  corhle^T  perceives  the  highest 
notes  of  the  musical  scale,  and  secondary  labyrinthine  degen- 
eration should  be  characterized  by  a  lowering  of  the  upper 
tone  limit,  as  this  portion  of  the  cochlea  i.s  in  the  most  imme- 
di.ite  relation  to  the  midclle  e.nr  an<l  is  the  p.irt  which  sufifers 
first  in  secondary*  labyrinthine  affection.  When  functional  ex- 
amination shows  a  defect  at  the  upper  portion  of  the  scale,  per- 
sisting after  anomalous  tension  has  been  corrected  by  inflation, 
labyrinthine  involvement  is  almost  certain.  A  history  of  attacks 
of  vertigo  is  confirmatory  of  this  opinion. 

Where  we  have  to  deal  with  a  true  otosclerosis  or  osteitis, 
involving  the  labyrinth  primarily,  the  <lil?ercntial  <liagnosis  may 
only  be  made  by  ob.serving  the  case  for  a  considerable  period 
of  time,  and  also  by  following  closely  the  eftects  of  treatment. 
The  deposit  of  new  bony  tissue  in  the  labyrinth  in  the  very 
cariy  stages  gives  rise  to  exactly  the  same  phenomena  upon 
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functional  examination  as  does  some  obstruction  to  soandcM- 
duction  in  the  middle  ear.  When,  however,  a.  careful  phj-sical 
examination  shows  that  the  middle  ear  is  apparently  normal, 
and,  in  spite  of  this,  there  is  impairment  of  hearing,  with  tlen- 
tion  of  the  lower  lone  hmit,  nonnal  or  increased  bone  cOll(iu^ 
tion,  an<l  :i  normal  upper  tone  limit,  the  surgeon  should  alvayi 
suspect  tlic  possibility  of  a  beg-inning  primary  sclerotic  proces 
in  the  labyrinth.  .An  hereditary  hislor)*  of  deafness  should  a^ 
ways  be  regarded  with  suspicion,  in  cases  presenting  iheK 
symptoms. 

Prognosis. — Hyperplastic  changes  within  the  tympanum 
constitute  an  aHeclioii  of  the  gravest  character  as  rcganls  the 
integrity  of  function,  and  one  whicli  is  less  amenable  to  treal- 
mcnt  than  all  other  aural  diseases.  Tlic  usual  course  is  sltadi!)' 
progressive,  although  the  affection  may  remain  quiescent  for  a 
long  period  of  years. 

Knowing  this  fact,  it  is  difficult  to  estimate  the  vaUie of  treat- 
mcnt  in  any  f;iven  case,  the  apparent  imjirovenient  being  pm- 
sibly  tine  to  a  period  of  spontaneous  tpiiescence.    When  seen 
in  the  early  stages,  and  affecting  but  one  side,  a  fairly  favorable 
prognosis  may  be  given.    When  both  organs  arc  affccle<l  il 
will  be  impossible  to  restore  either  ear  to  a  perfect  condition 
The  most  we  can  hope  for  is  a  slight  improvement  in  oneot 
both,  and  to  check  permanently  the  progress  of  the  affection 
Aside  from  treatinent,  the  environment  of  the  patient  OT  th* 
occurrence  of  any  severe  illness  affects  the  progress  of  the  aura' 
condition  to  a  marked  extent.     A  severe  illness,  prolongt'^ 
physical  exertion,  overwork,  or  anxiety — all  tend  to  hasten  its 
advance.     From  the  fact  that  many  cases  are  of  neuropathic 
origin,  particular  attention  niu.st  be  paid  to  the  habit  of  Hlf- 
All  excesses,  either  of  the  table  or  undue  indulgence  in  toljaceo 
or  alcohol,  should  be  avoided,  and  the  preservation  of  a  nonml 
condition  of  the  larger  viscera  and  of  the  prima?  vi^  must  be 
insisted  upon.    Climate  is  a  factor  in  prognosis  only  to  the  ex- 
tent to  which  it  causes  impairment  of  the  general  health.    Since 
a  ilry  atmosphere  and  an  equable  temperature  are  most  con- 
ducive to  a  normal  condition  of  the  upper  atr  tract,  the  tliseai' 
perhaps  progresses  less  rapidly  in  regions  where  these  climatic 
conditions  are  found.    I  am  inclined  to  believe,  however,  thai 
the  influence  of  climate  has  been  much  overestimated.    The 
age  at  which  the  affection  develops  may  influence  its  progress 
When  occurring  late  in  life,  its  advance  is  usually  slow  unless 
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aggravated  by  some  cause,  such  as  a  severe  intercurrent  dis- 
ease, mental  strain,  or  prolonged  physical  exertion.  Its  ap- 
pearance at  the  menopause  is  not  uncommon,  and  our  prognosis 
in  incipient  cases  met  with  at  Lliis  i)eriod  of  life  should  be  ex- 
ceedingly guarded. 

Treatment — The  two  conditions  with  which  we  have  to 
ileal  arc  those  resulting  from  the  connective-tissue  deposit 
within  the  tympanum  and  the  secondary  labyrinthine  changes. 
The  intratym panic  condition  being  one  essentially  of  rigidity 
of  the  iissicnlar  chain,  our  first  eflforls  are  to  relieve  this  ab- 
normal tension.  When  seen  early  it  may  he  possible  to  efTect 
absorption  of  the  newly  deposited  tissue  by  stimulation  of  the 
mucous  lining  of  the  tympanum:  this  is  done  by  inflation  by 
means  of  the  catheter,  making  use  of  some  of  the  stimulating 
vapors  already  mentioned  in  the  treatment  of  hypcrIro]>hic  in- 
flammation. By  inflating  with  considerable  force  we  may  he 
able  to  nipturc  recent  adhesions  and  thus  relieve  the  conducting 
mechanism,  or  the  bands 
may  be  stretched  sufTicient- 
ly  to  permit  increased  mo- 
bility in  the  ossicidar  chain. 
The  Eustachian  tidje  sel- 
dom requires  attention,  al- 
though the  exercise  of  the 
tubal  muscles,  cither  by 
gargling  or  better  by  mas- 
sage by  means  of  the  Eusta- 
chian bougie,  may  correct 
the  chafiges  which  have 
taken  place  here.  Accord- 
ing to  some  authorities,  this 
massage  also  exerts  a  favor- 
able influence  upon  the 
tensor  tympani  muscle  and 
prevents  its  atrophy  and 
subsefpient  shortening.  To 
ma-ssage  the  tulie  in  thi.s  way  the  bougie  is  introduced  as  far 
as  the  isthmus  and  then  moved  rapidly  inward  and  outward 
for  a  few  seconds.  Passive  motion  by  means  of  Sicgel's  oto- 
scope affords  us  a  means  of  comb.iting  the  adhesions.  The 
instnmient  should  be  introduced  into  the  meatus,  care  being 
taken  that  it  fits  the  lumen  air-tight.     The  air  is  then  alter- 
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iialcly  rarefied  antl  condensed  in  the  external  auditory  can^ 
imparling  lo-aml-fro  movements  to  the  <lrum  memlirane  and 
allachcd  ossicula.  The  masseur  of  Dclstanchc  (Fig.  105) 
acts  upon  the  same  principle.  Cases  have  been  reported  where 
rupture  of  the  membrane  has  taken  place  by  the  violent  uK 
of  these  instriiments;  this  seems  hardly  probable,  however, 
if  even  an  ordinary  amount  of  care  is  taken  in  their  mam|jii- 
lalion.  In  the  same  direction  manipulation  of  the  parts  il 
the  hands  of  the  {>alient  has  been  tried,  in  some  cases  willi 
success.  The  method  was  first  tlevised  by  Honmiel  and  con- 
sists in  jiressing  the  tragus  Iwckward  oVcr  the  cstemal  meatui 
until  this  is  completely  closed,  thus  condensing  the  air  in  the 
canal.  By  now  alternately  increasing  and  relaxing  the  pressure 
tipon  the  tragus  the  density  of  the  air  in  the  canal  is  augnientsl 
or  reduced  and  the  drum  membrane  made  to  perform  inwanl 
antl  outward  excursions. 

Ill  a  general   way,   I   am  rather  inclincil  to  believe  thai 
the  cmplnynicnt  of  any  instrument  for  the  puqKiSc  of  pneti- 
mo-massagc  is  contraindicatcd  in  these  cases.    A  Httlc  thought 
will  enable  us  to  easily  understand  that  the  drum  membrane, 
being   the  most  clastic   stnicturc   upon   which   the  masseur 
acts,  will  he  the  most  easily  influenced  by  changes  of  pre*- 
sure  within  the  external  auditory  meatus.     While  the  oljeet 
of  pncuiBO-massagc  is  to  increase  the  motility  of  the  osfi* 
ctes.  its  real  cITcct,  if  employed  for  any  length  of  time,  will 
be  to  cause  a  relaxation  of  the  dnmi  mcml>ranc,  cspcciiliy 
in  the  posterior  quadrant.    The  intralympanic  adhesions,  con- 
sisting as  they  do  of  dense  bandsof  connective  tissue,  will  he  but 
little  influenced  by  the  rarefaction  of  air  within  the  canal.   Th* 
more  elastic  drum  membrane,  however,  presenting  as  it  does  1 
large  surface  capable  of  expanding  as  the  pressure  within  the 
tympanum  becomes  relatively  increased,  must  certainly  become 
stretched  if  the  air  within  the  external  auditory  meatus  is  rt- 
pcatedly  rarefied.    Any  apparatus  for  pneumo- massage,  ihcK- 
fore.  can  not  improve  the  patient,  hut  must,  in  very  many  in- 
stances, cause  an  aggravation  of  the  symptoms.     I  have  been 
convinced  of  this  by  observing  the  efTect  of  pneu mo-massage  in 
quite  a  number  of  cases.    Massage  l>y  Hommel's  method  will 
probably  do  no  harm,  but  it  is  doubtful  whether  it  ever  does 
any  good.    I  do  believe,  however,  that  a  certain  amount  of  hene- 
fit  niay  he  obtained,  in  rare  ca.scs,  by  a  thorough  massage  o(  the 
muscles  of  the  neck  overlying  the  Eustachian  tube.    The  bc^^ 
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ficial  results  secured  are  probably  due  lo  the  circulatory  changes 
induced  in  the  mucous  membrane  lining  the  tube  and  mid- 
dle ear. 

Tlic  various  instruments  recommended  in  these  cases  for 
mobilization  of  the  ossicles  by  "vibratory  massage"  deserve 
only  a  [massing  notice.  Many  instruments  have  been  construct- 
ed for  this  purpose  and  all  have  failed  to  produce  the  improve- 
ment desired.  In  many  cases  the  use  of  these  instruments  has 
been  followed  by  a  niarke<I  diminution  in  the  power  of  audition 
and  an  increase  in  the  intensity  of  the  subjective  noises  due  to 
an  overstimulation  o(  the  auditory  nerve. 

Politzcr  has  devised  a  method  for  maintaining  a  constant 
negative  pressure  in  the  meatus  by  the  use  of  a  conical  plug 
of  cotton  which  is  impregnated  with  cocoa  butter.  This  phtg 
is  inserted  into  the  canal  at  night,  and,  in  virtue  of  its  oleagin- 
ous composition,  absurbs  the  air  contained  within  the  meatus, 
thus  causing  the  membrana  tynipani  to  move  outward  under 
the  action  of  the  air  within  the  niiildlc  ear.  I  have  had  no  per- 
sonal experience  with  this  plan,  but  in  cases  where  it  has  been 
trieil  I  have  failed  to  see  any  benefit.  It  is  certainly  inferior 
either  to  Hommcl's  method  or  to  systematic  manipulation  with 
the  Siegcl  otoscope. 

Lucae  *  has  met  with  considerable  success  in  applying  pas- 
sive motion  to  the  ossicular  chain  by  means  of  the  pressure 
sound.  The  tlevice  consists  of  a  small  lube  through  which  a 
rod  tcnninating  in  a  cuplike  extremity  passes.  The  other  end 
of  the  roil  lies  within  llie  tube  and  rests  upon  a  small  spiral 
Spring  the  tension  of  which  is  regulated  by  a  small  screw  on  the 
handle  of  the  instrument.  In  u.sc,  the  cup-shaped  extremity 
is  applied  to  the  short  process  of  the  malleus,  over  which  it 
fits,  ihe  manipulation  being  effected  under  illumination.  Pres- 
sure inward  upon  the  handle  of  the  instrument  is  communicated 
to  the  ossicular  chain,  the  degree  of  ])ressnre  depending  upon 
the  tension  of  the  spring.  Hy  pressing  the  handle  of  the  in- 
strument inward  and  then  relaxing  the  pressure,  the  entire 
ossicular  chain  is  altcmatcly  forced  inward  and  then  allowed 
to  resume  its  former  i>osition  through  its  own  elasticity.  It 
has  been  demonstrated  that  pressure  exerted  at  the  short  proc- 
ess of  the  malleus  is  c«minnnic:!le<I  directly  through  the  incus 
to  the  fool  plate  of  the  stajies.  and  from  this  to  the  labyrinth. 
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The  advantage  of  the  device  over  an  ordinary  probe  consists  in 
affording  us  the  means  of  alternately  increasing  and  diminisli- 
ing  this  tension  without  removing  tlie  instrument  from  ilic 
short  process  of  the  malleus,  as  its  continual  reapplication  would 
be  attende<l  by  considerable  pain.  In  my  practice  a  modified 
manipulation  similar  to  this  has  not  been  attended  by  favorable 
results.    . 

The  use  of  the  instnimcnt  of  Lucae  is  somewhat  pmnful. 
Many  patients,  especially  in  private  practice,  would  object  to 
the  measure,  and  it  has  never  seemed  that  the  results  obtaineJ 
warranted  the  infliction  of  so  much  discomfort.  The  length  nf 
time  (hiring  which  this  method  of  treatment  should  be  carried 
on  must  vary  with  the  individual  cases. 

It  has  never  seemed  to  me  xvisc  to  gnve  an  absolutely  un- 
favorable prognosis  in  any  case  where  the  lesion  was  confined 
mostly  to  the  middle  ear  without  trying  the  effect  of  stimula- 
tion of  the  lining  membrane  by  means  of  vapors  for  a  period 
of  four  to  six  weeks,  the  inflation  being  performe<l  at  first  on 
alternate  days  and  the  interval  gradually  increased  to  three  or 
four  days.     In  addition  to  the  inflation,  passive  moiinn  by 
means  of  the  Sieget  otoscope  may  be  employed,  or,  if  it  seems 
desirable,  the  use  of  the  pressure  sound.     At  the  end  of  this 
period,  if  no  improvement  results,  surgical  measures  arc  im- 
perative, and,  unless  the  degree  of  iniprovenieut  is  considcra- — 
ble.  the  same  ailvice  should  be  given.    During  this  period  th^ 
observance  of  the  ordinary  hygienic  rules  shouhl  be  insistet^- 
upon;  but  attention  to  ilie  upper  air  passages  is  seldom  fol — 
lowed  by  marked  improvement,  unless  there  have  been  symp^ 
loms  referable  to  these  parts  demanding  treatment  for  their" 
relief. 

The  surgical  measures  to  be  adopted  in  these  cases  will 
depend  upon  the  physical  condition  present.     It  may  !>c  suf- 
ficient to  divide  tense  bands  which  may  be  seen  by  ocular 
inspection,  such  as  an  excessive  deposit  of  connective  tissue  in 
the  posterior  fold,  or  adhesions  between  the  tip  of  the  manu- 
brium and  the  internal  tympanic  wall.    As  mentioned  in  a  pre- 
ceding chapter,  however,  it  is  impo.ssiblc  to  assert  that  the  in- 
crease in  tension  is  due  to  the  presence  of  arlhcsions  in  any  one 
particular  locality.    The  procedure,  therefore,  which  seems  most 
wise  is  at  first  an  exploratory  myringotomy  under  strict  anti- 
septic or  aseptic  precautions.    A  large  flap  involving  the  en- 
tire postero-supcrior  segment  of  the  mcmbrana  vibrans  should 
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be  turned  downward  and  forward,  the  intratympanlc  structures 
inspected,  and  the  degree  of  niobiiity  of  the  stapes  detennined 
by  nieatis  of  a  deliealo  prohe  IiurotUice<l  llirough  tlie  openiiif;;. 
Tliis  procedure  can  be  conducted  under  ctx:aine  anjL-sthesia  and 
tests  can  lie  made  of  the  hrariiig  at  various  stages  of  the  opera- 
tion. Occasionally  the  artificial  opening  into  the  tympanum 
may  improve  the  hearing  power  to  a  remarkable  degree;  if  this 
docs  not  occur,  disarticulation  at  the  incudo-stapedial  joint 
should  be  the  next  step.  If  the  stapes  is  movable,  the  hearing 
will  now  be  improved;  if  this  ossicle  is  fixed,  however,  but  slight 
improvement  will  be  noticed.  The  stapes  must  then  be  treed  by 
division  of  the  stapedius  tendon  and  of  any  adhesions  lying  in 
the  oval  niche,  in  the  manner  to  be  described  in  the  chapter  on 
operative  procedures  within  the  tympanum.  After  the  adhe- 
sions have  been  severed  as  cnmplctcly  as  possible  passive  mo- 
tion should  be  employed,  the  stapes  being  crowded  first  upward, 
then-downward,  then  forward,  and  finany  backwanl  by  means 
of  a  (lehcate  steel  probe  the  extremity  nf  which  is  protected 
with  a  small  cotton  ptetlgct  firmly  wound  upon  it.  The  condi- 
tion of  the  round  windi»w  should  also  l>e  investigated  and  adhe- 
siom  in  ibis  rcgicm  severed  with  an  angular  knife.  I  f  the  degree 
of  fixation  is  extreme  it  may  be  wise  to  attempt  extraction  of 
the  stapes,  although  the  results  obtained  arc  not  perfectly  satis- 
factory, nnd  the  author  prefers  to  remove  the  malleus,  incus, 
and  dnim  membrane,  leaving  the  stapes  in  an  easily  accessible 
|K>iation,  so  that  K(il)se«tiieutly  mechanical  mobili/aiion  may  be 
efTected  if  fixation  occurs  again  at  any  future  time.  I  am 
aware  that  tbi.*!  method  has  been  criticised,  but  it  possesses  the 
ad\'antagc  of  freely  exposing  the  parts  and  enabling  ns  to  make 
successive  efforts  at  freeing  the  stapes  rather  than  necessitating 
the  completion  of  all  operative  interference  at  the  time  of  the 
first  operation.  Certainly  in  my  own  practice  results  have  been 
better  where  this  plan  has  been  followed  than  where  stapedec- 
tomy has  been  performed,  and  the  opening  in  the  drum  mem- 
brane closed  as  (]uickly  as  possible.  The  operative  techni(|uc 
and  the  resultit  obtained  will  be  detailed  in  a  later  chapter, 
devotcfl  to  the  subject  of  middle-ear  operations. 

The  measures  herein  enumerated  constitute  the  most  effi- 
cient means  at  our  disposal  for  dealing  with  the  intratympanlc 
conditions.  When  the  labyrinth  is  involved  to  any  extent  oper- 
ative inierferencc  is  contraindicated.  since  the  cases  do  not  im- 
wove  after  such  procedures,  but  are  frequently  rendered  worse. 
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The  extent  of  lahyrimhine  invoU-emciii  in  any  jjiven  case  is 
dclcrmiiied  by  the  degree  to  which  the  iipjHrr  tone  h'mit  is  Viw- 
ercil  and  by  discovering  the  up|)er  limit  in  the  musical  scale 
at  which  the  normal  ratio  between  air  and  bone  comhiction  is 
reversed.  With  a  niarke<I  lovvcrinE  of  the  upper  lone  limit  ami 
an  inversion  of  the  ratio  Uelwccn  Ix>nc  and  air  conduction  for 
the  low  notes  alone,  in  cases  where  the  impairment  of  hearing 
is  po  marked  that  whispered  words  can  not  be  distingtiishtd 
at  a  dislaiicc  of  two  or  three  feet  from  the  ear,  the  labyrinthine 
feature  is  so  prominent  as  to  positively  contraindicate  open- 
ti\'e  interference  iijion  the  lyrnpaniini.  The  result  of  treatment 
for  the  labyrinthine  afFfCliim  is  nsuallv  less  favorable  tlian  in 
primary  labyrinthine  disease.  Ai  the  same  time,  we  are  at  lea3t 
jnstificd  in  making  the  attempt  to  remove  tlie  <Iifiiculty. 

The  tirug,  the  administration  of  which  is  followe<l  by  the 
best  results,  is  imdoubtcdiy  pilocarpine.  The  physiologial 
actinii  of  the  dnijj  increases  the  vascularity  of  the  labyrinthine 
tissues,  at  the  same  time  augmenting  the  activity  of  the  cuta- 
neous and  salivary  glands.  From  the  increased  blood  supjily 
any  excess  of  laliyrinlhine  fluid  is  abstracted  from  the  bony 
cavity  which  contains  it.  entering  the  general  circulation  and 
subsequently  being  eliminated  in  the  cutaneous  or  salivaty 
secretions.  The  increased  vascularity  may  also  cause  the  resorp- 
tion of  newly  deposited  tissue,  provided  the  deposit  is  not  too 
old.  Formerly  the  drug  was  administered  by  hypodermic  injec- 
tion. This,  however,  renders  it  necessary  for  the  patient  to 
give  lip  a  considerable  portion  of  each  day  to  the  treatment, 
and  in  many  instances  this  can  not  he  done.  For  the  last  two 
years  I  have  administered  it  by  the  nioutli.  beginning  at  firsl 
with  doses  of  one  eighth  to  (mic  sixth  of  a  grain  two  or  three 
times  daily,  the  amount  being  gradually  increased  until  a  mod- 
erate physiological  effect  fntlowcd  each  cxliibition.  It  is  only 
necessary  to  warn  the  patient  to  exercise  caution  against  ex- 
posure to  draughts  for  the  period  of  an  hour  and  a  half  follow- 
ing each  administration  of  ihe  remedy.  In  those  cases  wlterc 
the  vocatiun  of  the  patient  necessitates  absence  from  home  for 
the  entire  day  one  dose  may  be  administered  early  in  the  morn- 
ing immediately  u|>on  rising,  white  the  second  may  be  given 
upon  retiring  at  night.  In  this  way  the  patient  is  able  to  pro- 
tect himself  sufficictitly  against  undue  exposure,  and  by  follow- 
ing this  plan  no  untoward  symptoms  linve  resulted,  Pmfusc 
salivation  need  not  be  produced,  nor  need  the  cutaneoiis  sccre- 
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tion  be  increased  to  such  a  degree  as  to  be  unpleasant.  A 
moderate  increase  in  the  moisture  of  llie  skin  and  in  the  amount 
of  saliva  is  an  evidence  thai  the  drug  is  [iroducing  the  desired 
effect,  and  the  patient  learns  after  a  short  time  to  so  grade  the 
dose  as  to  ol>taitJ  tlic  desired  action.  No  results  can  be  hoped 
for  unless  the  plan  Is  persisted  in  for  a  considerabit  period — 
certainly  for  two  months — at  the  end  of  which  time,  if  (he  slight- 
est improvement  is  manifested,  it  should  be  continued  for  twice 
or  thrice  this  jjeriod. 

According  to  Kosegarten,*  the  remedy  exerts  a  beneficial 
action  upon  the  mucous  membrane  of  tlie  tympanum  also,  caus- 
ing an  absorption  of  newly  deposited  connective  tissue.  It 
b  possible  to  observe  a  congestion  of  the  tympanic  lining  if 
the  patient  is  examined  one  or  two  hours  after  the  adminis- 
tration of  the  drug.  Politzcr  advocates  the  local  api>]ication 
of  the  muriate  of  pilocarpine  to  the  mucous  membrane,  a  few 
drops  of  a  two-per-ccnt  suhuion  being  injected  thnmgli  the 
Eustachian  catheter.  Personally  I  have  no  experience  with 
this  plan. 

In  cases  of  hyperi>'astic  inflammation  occurring  in  advanced 
life  the  auditor)'  nerve  may  he  found  in  a  condition  of  torpor. 
Here  strj'chninc  may  be  given  witli  advantage,  the  amount 
being  gradually  increased  to  the  full  physiological  limit.  This 
drug  is  also  valuable  in  cases  with  pnmoiinccd  neurasthenic 
symptoms.  For  the  relief  of  distressing  tinnitus  which  persists 
in  spite  of  atl  local  treatment  directed  toward  the  middle  ctr 
dilute  hydrobromic  acid  will  sometimes  be  found  efficacious. 
This  is  to  be  given  well  diluted,  in  doses  of  thirty  minims,  three 
or  four  times  daily.  The  question  of  subjective  noises  will  be 
more  fully  dealt  with  under  diseases  of  the  perceptive  apparatus. 
The  possibility  of  an  hereditary  or  an  acquire<l  specific  taint 
should  always  be  rememhened  in  these  cases,  and  if  there  is  the 
slightest  evidence  of  such  a  factor  in  causation  the  internal  atl- 
minisiration  of  iodide  of  potassium  is  advisable.  It  may  be 
given  either  alone  or  in  connection  with  the  pilocarpine. 

I*nlilzer  has  derived,  apparently,  beneficial  results  from  the 
administration  of  ioditJc  of  potassium,  in  fairly  large  doses,  in 
ca.scs  where  beginning  otosclerosis  of  the  labyrinth  was  sus- 
pected, and  in  which  there  was  no  history  of  hereditary  or 
acquired  speeific  disease.    His  plan  of  treatment  is  to  give  these 
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patients  a  course  of  iotliJc  of  potassiiim  for  a  period  of  stvcral 
weeks  during  each  year.  While  this  plan  of  treatment  is  worllij 
of  trial,  the  uticertainty  in  diagnosis  renders  (he  reports  far  troni 
corvinciiig. 

The  question  of  the  propriety  of  treating  the  middle-ear 
comlition  when  serious  labyrinthine  involvement  coexists  li 
still  miscitlt'd.  The  results  obtained,  no  doubt,  differ  in  indi- 
vidual cases,  but  I  am  sure  tliat  ihe  rule  is  not  constant  lliat 
measures  directed  lo  the  middle  ear  invariably  aggravate  tlie 
labyrinthine  lesion.  Our  only  guide  in  the  matter  is  to  examine 
our  cases  frequently  and  observe  the  effect  of  treatment,  ff 
wc  find  that  inflation,  passive  motion,  or  other  measures  directed 
to  the  tympanic  condition,  produce  giddiness  or  an  inereaKin 
the  tinnitus,  they  should  certainly  not  be  i>ersisted  in.  Niimer- 
ous  instances  will  be  met  with  in  which  exactly  the  reverse  takes 
place,  tile  labyrinthine  complications  improving  as  the  tym- 
panic structures  resume  a  more  normal  condition.  From  wliat 
has  already  been  said  under  prognosis,  the  general  condition 
of  the  patient  must  be  kept  constantly  in  mind,  and  care  inuf>l 
be  taken  to  tax  cither  his  mental  or  ]>hysical  powers  as  little 
as  possible.  Attention  to  the  cutaneous,  digestive,  respiratorj'. 
and  circulatory  organs  is  imperative  if  wc  expect  any  favorable 
results  from  local  measures.  It  is  not  wise  to  send  these  caws 
from  home  in  the  hope  of  obtaining  pennaneni  benefit  fromi 
change  of  climate,  as  the  results  obtained  by  climatic  treatnicnt 
are  at  the  best  uncertain. 
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Etiology. — This  disease  may  follow  cither  an  acute  ca- 
tarrhal or  an  acute  purulent  iiiflauimatioii  iil  ihc  tympanic 
cavity.  In  the  former  instance  it  occurs  as  the  result  of  an 
infection  o(  (he  discharge  through  atmospheric  impurities, 
while  as  a  sequel  of  the  latter  condition  it  represents  the  fail* 
urc  upon  the  part  of  Nature  to  restore  the  affected  structures 
to  a  normal  condition.  The  terra  is  often  applied  to  all 
cases  of  aural  disease  in  which  the  discharge  from  the  mid- 
dle car  has  existed  for  more  than  two  or  three  months,  or 
even  to  cases  in  which  the  car  is  discharging  when  the  pa- 
tient presents  for  treatment.  Exactly  when  an  affection 
ceases  to  be  acute  and  becomes  chronic  is  hard  to  deter- 
mine.  For  convenience,  however,  we  may  assume  that  a 
discharge  from  the  middle  ear  which  has  failed  to  yield  to 
proper  therapeutic  measures  at  the  end  of  three  months  con- 
stitutes a  symptom  of  a  chronic  iiitlammatory  process. 

A  tubercular  and  occasionally  a  specific  diathesis  also  may 
give  rise  to  the  affection,  the  special  germs  of  these  diseases 
Anding  lodgment  in  the  tympanum  and  setting  up  the  pecul- 
iar inflammatory  process  characteristic  of  each.  When  the 
disea.^  is  of  tubercular  nature  its  onset  is  so  insidious  that 
the  patient  may  not  be  able  to  state  the  exact  period  of  its 
inception,  the  first  knowledge  which  he  has  of  an  aural  affec. 
lion  being  the  appearance  of  a  discharge  in  the  meatus,  while 
examination  reveals  a  condition  which  could  only  result  from 
a  chronic  infl.nmmatory  process. 

Pathology. — When  wc  find  a  purulent  discharge  from  the 
tympanum  which  has  persisted  for  a  lon^  period  wc  are 
forced  to  conclude  that  a  certain  amount  of  tissue  necrosis 
has  taken  place.  This  is  true  whether  the  disease  was  at  first 
of  a  catarrhal  nature  or  was  purulent  from  the  beginning. 
The  infection  of  a  perfeclly  innocuous  discharge  from  the 
tympanum  must  result  in  tissue  necrosis  unless  the  source  of 
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infection  is  removed  at  a  very  early  period.  Those  parts ol  U»e 
tympanic  cavity  which  are  richly  supplied  with  connective- 
tissue  elements  form  an  excellent  nidus  for  the  development 
of  these  germs,  and  when  they  are  once  infected  it  is  prac- 
tically impossible  for  us  to  prevent  cunsi<lerable  clcstruclion 
of  tissue.  In  the  early  stagers  the  connective  tissue  alone  may 
be  involved,  but  very  soon  the  osseous  structures  participate  iii 
the  process,  owing  to  an  interference  with  their  proper  blood 
supply.  Those  parts  are  attacked  first  which  arc  the  least 
vascular  and  whose  nutrient  vessels  are  so  situated  as  to  be 
easily  interfered  with  by  any  increase  in  pressure  in  the  tym- 
panic cavity.  The  blood  supply  of  the  incus,  it  will  be  re- 
membered,  is  very  limilecf,  and  is  derived  from  the  petrosal 
branch  of  the  stylo-mastoid.  From  its  situation  its  calibre  k 
easily  obliterated  by  any  swelling  in  the  upper  portion  of  ihc 
tympanum.  Hence  when  the  ossicular  chain  is  the  seal  of 
necrosis  the  incus  usually  sutlers  iirst.  caries  or  necrosis  oi 
this  ossicle  being  present  in  eighty.ftve  per  cent  of  all  cases  in 
which  the  ossicles  are  involved.  The  process  may  spread  to 
the  walls  ol  the  tympanum,  usually  to  that  portion  of  the  ex- 
ternal wall  which  is  formed  by  the  auditory  plate  of  the  tem- 
poral. The  internal  wall  of  the  middle  ear  is  seldom  affected, 
although  it  may  be  involved  when  the  condition  is  tubercu- 
lar, or  in  cases  following  unc  of  acute  infectious  diseases,  such 
as  scarlet  fever  or  diphtheria.  Since  any  profuse  discharge 
from  the  meatus  which  has  existed  for  several  months  must 
come  from  the  middle  ear,  it  goes  without  saying  that  llic 
mcmbrana  tympani  is  perforated  in  all  cases.  The  amount  of 
local  destruction  and  the  particular  region  where  the  loss  of 
substance  occurs  varies  greatly.  Complete  destruction  of  the 
drum  membrane  is  rarely  seen,  although  the  entire  mcmbrana 
vibrans  may  be  wanting  with  the  exception  of  the  so^allcd 
cartilaginous  ring,  which  marks  the  line  of  insertion  into  ttic 
annulus  tympanicus.  When  only  a  small  portion  of  the  drum 
membrane  is  destroyed  the  perforation  most  frequently  o^ 
curs  in  the  posterior  quadrant  at  the  level  of  the  umbo  or 
slightly  below  it.  When  the  osseous  structures  are  involved 
and  the  disease  has  been  of  long  dumtion  we  not  infrcquentlf 
find  the  perforation  located  in  the  upper  and  posterior  quad- 
rant just  below  the  incudo-stapedial  articulation.  The  mem- 
brana  tympani  in  these  cases  is  often  adherent  to  the  internal 
wall  of  the  middle  ear;  its  upper  margin,  however,  is  tret- 
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and  a  probe  passed  beneath  this  may  be  directed  upward  into 
the  tympanic  vault,  following  tlie  long  process  of  the  incus. 
The  reason  why  this  pcrioration  is  so  characteristic  ol  caries 
within  the  tympanum  depcntJs  upon  the  fact  that  the  avenue 
of  exit  for  any  fluid  which  has  collected  lies  along  the  long 
process  of  tlie  incus.  In  fact,  this  may  be  the  only  course 
which  the  secretion  can  follow,  as  no  other  portion  of  the 
ossicular  chain  passes  from  the  upper  jiari  of  this  cavity  into 
the  atrium.  Anteriorly  the  atrium  is  shut  off  from  the  tym- 
panic vault  by  the  anterior  and  external  ligaments  and  by  the 
body  and  neck  of  the  malleus.  In  addition  to  these  structures, 
normally  present,  certain  reduplications  of  mucous  membrane 
arc  olten  found,  and  these  may  be  so  numerous  and  so  dis- 
posed as  to  render  it  impossible  for  even  air  to  pass  from  the 
vault  of  the  tympanum  into  the  cavity  beneaih.  Perforation 
in  this  location  is  so  commonly  associated  with  caries  of  the 
incus  that  I  have  come  to  regard  it  as  almost  pathognomonic 
of  the  condition.  More  rarely  we  find  the  perforation  located 
in  the  membrana  flaccida,  either  just  above  the  short  process 
or  above  the  posterior,  or,  more  rarely,  above  the  anterior 
ligament.  A  perforation  above  the  short  process  alwaj'S 
means  intratympanic  caries,  and  usually  indicates  that  the 
malleus  is  affected,  although  this  rule  is  not  invariable.  The 
extent  to  which  the  walls  ol  the  tympanum  particijiatc  in  the 
destructive  process  varies  according  to  the  can:  which  has 
been  exercised  in  keeping  the  car  properly  cleansed,  and  the 
degree  of  infection  which  primarily  produced  the  disease. 
Constitutional  diatheses  exert  a  marked  influence  upon  the 
extent  of  fnvolvment  of  the  osseous  walls;  this  is  particularly 
true  i>f  the  tubercular  and  specific  diatheses,  the  bony  parts 
breaking  down  rapidly  when  once  local  infection  has  taken 
place. 

Secondary  involvement  of  ihc  labyrinth  is  seldom  met 
with  in  chronic  suppuration.  When  present,  the  mischief  has 
usually  been  done  in  the  acute  stage  of  the  disease,  and  aU 
though  both  the  oval  and  the  round  window  may  have  re> 
maincd  bathed  in  pus  for  years,  extension  to  the  labyrinth 
seldom  follows.  This  should  not  be  taken  to  mean  that  the 
lower  turn  of  the  cochlea  is  functionally  perfect  in  these 
chronic  cases.  It  is  more  reasonable  to  explain  the  slight 
changes  found  here  upon  the  ground  that  they  arc  produced 
by  the  alteration  in  pressure  at  the  oval  window  due  to  adhc- 
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stons  about  the  stapes  than  to  attribute  the  condition  to  an 
infection  of  the  labyrinth. 

In  addition  to  tins  miUi  form  of  labyrinthine  involvement, 
causing  merely  impainiienl  of  hearing  for  the  upper  notes  of 
the  nnisical  scale,  it  must  always  be  borne  in  mtnd  in  even- 
case  either  of  acute  or  chronic  suppiiration  of  the  middle  ear, 
that  there  is  a  possibility  of  the  extension  of  the  inflammatory 
process  directly  to  tbc  labyrinth,  cither  through  the  oval  or 
round  windows,  or.  in  the  case  of  chronic  suppuration,  of  ero- 
sion of  the  external  wall  of  the  horizontal  semicircular  canal 
and  propagation  of  the  inflammation  to  the  intra  labyrinthine 
strnctures  ilirough  this  channel.  In  many  cases,  a  suppurative 
inflammation  of  the  labyrinth  shows  but  little  tendency  to  ex- 
tend and  become  general.  In  some  cases,  however,  the  entire 
labyrinth  is  destroyed  by  the  suppurative  process.  \Mien  this 
occurs  there  is  always  great  danger  of  the  inflammatory  process 
extending  from  the  labyrinth  to  the  cranial  cavity  and  causing 
an  involvement  cither  of  the  dura  or  of  the  brain  substance 
itself.  The  inflammatory  process  may  extend  cither  along  the 
aquffdnctus  veslihuh"  and  aquxductiis  cochlea;,  or  may  simply 
follow  the  sheath  of  the  auditory  nen.'e  tnvvartl  through  the  in- 
ternal auditory  meatus,  the  site  of  intracranial  infection  ticiii^^ 
frc<]uently  found  in  llits  latter  rcgion. 

Knajip  *  hn,s  reported  a  case  in  which  cxtcnsionto  the  intra- 
cranial contents  occurred  in  this  manner,  giving  rise  to  a  puru- 
lent meningitis  and  to  a  small  abscess  in  the  left  cerebellar  IoIm; 
in  the  region  of  the  flocculus.  The  occurrence  of  cerebellar 
abscess  in  this  case  is  interesting.  Olcadaf  has  clemonstr3te<I 
that  a  -large  number  of  cerebelhir  abscesses  follow  lahyriiUliinc 
suppuration.  According  to  the  statistics  of  this  author,  SH|>- 
puration  of  the  labyrinth  is  a  more  potent  cause  of  cercbdlar 
abscess  than  is  sinus  thrombosis. 

Secondary  involvement  of  the  mastoid  process  constitnte* 
the  most  grave  complication  from  which  these  patient?  suffer. 
When  drainage  through  the  external  canal  is  free  the  mastoid 
is  seldom  involved.  If,  however,  the  outflow  through  the  canal 
is  obstructed,  the  pus  finds  its  way  into  the  pneumatic  spaces 
of  the  mastoid,  an  osteitis  i.s  set  up.  and  more  or  less  cxten«rt 
bony  destruction  lakes  place.     A  change  of  considerable  «a- 
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portance,  and  one  which  is  always  present  to  a  greater  or  less 
degree,  is  a  chronic  inllainmation  involving  the  mastoid.  This 
is  essentially  a  chronic  proliferative  osteitis,  through  which  the 
pneumatic  spaces  are  obliterated,  and  tht  entire  mastoid  process 
becomes  converted  into  dense  ehurndted  bone.  Tliis  change 
may  be  so  complete  that  all  tiic  air  spaces  are  obliterated,  and 
the  antrum  itself  may  be  reduced  in  size.  Only  in  those  cases 
which  have  persisted  for  a  long  period  of  years  and  in  which 
the  process  has  been  active  is  no  trace  o(  the  antrum  foimd. 

Tl»e  obliteration  of  the  pneumatic  structure  of  the  mastoid 
is  of  considerable  importance  from  a  cHnical  standpoint.  In 
a  pneumatic  mastoid  an  acute  exacerbation  of  the  chronic  in- 
flammatory process  within  the  middle  ear  may  perhaps  result 
in  an  infection  of  the  mastoid  cells  and  the  development  of 
an  acute  mastoiditis,  with  all  the  sig-ns  characteristic  of  this 
condition,  [f,  however,  the  mastoid  is  sclerotic,  and  the  pneu- 
matic spaces  have  disappeared  and  the  bone  has  become  scle- 
rosed, an  acute  intlamination  of  the  tympanum  is  apt  to  extend 
rapidly  to  the  crania!  cavity  either  through  the  tympanic  roof 
to  the  middle  cranial  fossa  or  throngh  the  posterior  wall  of 
the  mastoid  to  the  lateral  sinus  or  cerebellum. 

The  tievclopmcnt  of  a  cholesteatoma  following  chronic  sup- 
purative otitis  depends  upon  the  inflammatory  process  assum- 
ing a  particular  type,  as  the  rcsidt  of  which  the  superficial  cpi- 
thclitim  covering  the  mitcons  membrane  is  formed  rapidly  and 
as  rapidly  desfiuainaled.  while  the  fluid  products  of  inflamma- 
tion are  slight  or  practically  absent.  An  the  residt  of  the  casting 
oflf  of  these  epithelial  cells  there  arc  formed,  first  in  the  vault 
of  the  tympanum,  and  later  in  the  mastoid  itself,  irregular 
masses  of  epithelium,  in  which  the  cells  arc  firmly  packed  to- 
gether. 'ITiis  process  depends  upon  the  transformation  of  the 
superficial  epithelium  lining  the  tympanum  into  cpidcmiat 
ceils.  The  change  is  probably  due  to  the  extension  of  the 
cutaneous  lining  of  the  canal  into  the  middle  ear  tliTough  an 
opening  in  the  mcmbrana  tympani.  Sttch  a  condition  follows 
perforation  in  ShrapncU's  membrane  more  commonly  than  a 
solution  of  continuity  in  the  inembraiia  vibrans.  In  some  in- 
stances these  cutaneous  cells  become  completely  covered  by  the 
mucous  membrane  and  by  their  proliferation  form  true  cysts 
containing  a  mass  of  desquamated  epithelium. 

The  cases  of  cholesteatoma  met  with  in  which  there  is 
no  evidence  of  a  previous  perforation  of  the  dnmt  mem- 
Wane  are  probably   ttie   result   of  an   innammatory   process 
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in  infancy,  at  which  time  the  drum  membrane  was  perior- 
atcd. 

The  acute  symptoms  which  may  be  caused  by  the  pres- 
ence of  a  cholesteatoma  and  the  treatment  of  the  conditioa 
wil]  be  c<jnsidered  later.     As  these  masses  increase  in  size 
slowly  but  constantly,  they  dilate  the  cavity  in  which  they 
lie,  displacing  the  surrounding  walls.     The  mechanical  irri- 
tation, due  to  the  presence  of  the  mas$,  causes  a  condensa- 
tion  of   the   osseous  tissue,  or  mastoid   sclerosis.     Another 
condition  which  may  result  from  the  development  of  these 
epithelial  masses  is  absorption  of  the  bony  wall  separating 
the  meatus  from  the  mastoid  cells,  the  mastoid  cells  and  «■ 
tcrnal  canal  being  converted  into  one  large  cavity.    If  Ihe 
bony  walls  are  absorbed  in  the  opposite  direction,  perforation 
into  the  cranial  cavity  may  take  place.     IVoducts  of  infian- 
mation  may  enter  the  cranial  cavity  by  transmission  through 
the  perforating  veins  or  by  local  necrosis  over  any  given  area. 
According  to  the  location  and  the  exact  nature  of  ihe  local 
lesion,  such  an  invasion  of  the  cranial  cavity  may  result  in  an 
epidural  abscess,  a  diffuse  meningitis,  a  brain  abscess,  or  a 
sinus  tlirombosis- 

Symptomatology. — The  one  prominent  symptom  is,  nalu- 
rally,  discharge  from  the  ear,  and  although  extensive  destruc- 
tion may  have  taken  place,  this  may  be  the  only  syraplnm 
of  which  the  patient  c(jm|)lains.  The  amount  of  discharge 
varies,  in  some  cases  being  so  profuse  as  to  fill  the  meatus  io 
spite  of  frequent  cleansing ;  at  other  times  being  discoverable 
only  upon  inspection  of  the  ear  by  reflected  light,  the  secre- 
tion drying  upon  the  walls  of  the  meatus  and  never  appear- 
ing at  the  orifice  of  the  canal.  The  degree  of  impairment  ol 
hearing  is  never  indicative  of  the  extent  of  the  local  process. 
It  is  not  uncommon  to  find  the  entire  membraoa  vibraos 
wanting,  the  incus  completely  destroyed,  and  the  malleus 
carious,  and  yet  the  power  of  audition  not  noticeably  im- 
paired. In  other  cases,  where  the  lesions  arc  less  cxtcnsirt, 
a  high  degree  of  deafness  is  present.  Subjective  noises  vt 
much  less  frequently  met  with  in  chronic  suppuration  than  in 
the  nonsuppurative  form  of  inflammation.  Attacks  of  vertigo 
may  be  complained  of,  dependent  upon  no  assignable  caa^ 
or  they  may  occur  only  when  the  car  is  syringed.  The  dis- 
turbance of  equilibrium  may  be  but  slight  or  so  pronounced 
as  to  cause  the  patient  to  fall.     When  this  symptom  appears 
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only  upon  syringing  Ihc  car,  the  drum  membrane  will  usually 
exhibit  a  large  perforation  exposing  the  head  o(  the  stapes  to 
the  direct  impact  of  the  current. 

Chronic  suppuration  need  not  necessarily  cau*;e  constant 
discharge  from  the  car.  Tlic  patient  may  be  (rcc  from  the 
symptom  for  weeks  or  even  years.  This  intermittency  de- 
pends upon  the  precise  nature  of  the  local  changes  within  the 
middle  ear  and  also  upon  certain  associated  conditions  of  the 
upper  air  tract.  In  children  where  the  mcmbrana  tympani 
has  been  extensively  destroyed  as  the  result  of  one  of  the 
exanthemata,  we  frequently  have  the  history  of  a  discharge 
from  the  ear  only  when  the  pnticnt  has  a  cold  in  the  head. 

H^n  such  a  case,  usually,  the  internal  wall  of  the  middle  car  is 
exposed  over  a  very  large  area,  and  the  raucous  membrane 
covering  it  participates  in  any  vascular  changes  which  may 
take  place  in  the  associated  organs.  Hence  an  acute  rhinitis 
or  an  acute  naso-pharyngilis.  especially  if  the  pharyngeal  ton- 
sil is  hypertrophied,  causes  a  similar  hyperacmic  condition  of 

■the  mucous  membrane  of  the  middle  ear.  Add  to  this  the 
exposure  of  the  membrane  by  the  loss  ot  the  mcmbrana  tym- 
pani,and  it  is  easy  to  understand  why  the  discharge  recurs  at 
such  a  time.  The  attack  is  really  one  of  tubo  tympanitis,  but 
as  the  tympanum  is  freely  open,  the  serous  transudation  ap- 
pears in  the  canal.  In  other  instances  inquiry  will  fail  to 
elicit  any  history  of  discharge,  but  the  patient  may  state 
that  at  intervals  small  yellowish-brown  crusts  collect  in  the 
meatus  and  constitute  a  source  o(  annoyance.  Careful  ex- 
amination  shows  that  these  so-called  crusts  are  masses  of  in- 
spissated pus  which  collect  in  the  deeper  portions  of  the  canal 
and  constitute  a  source  of  discomlort  only  when  they  appear 
at  the  orifice  of  the  meatus. 

Certain  symptoms  referable  to  the  external  canal  may  also 
be  present.  The  development  of  a  fungus  upon  the  walls  of 
the  meatus  is  not  uncommon,  as  the  parts  arc  continually 
bathed  in  secretion.  The  symptoms  may  be  so  slight  as  to 
escape  notice,  or  there  may  be  an  intense  burning  or  stinging 
sensation  in  the  ear.  together  with  pruritus.  Where  proper 
attention  is  not  paid  to  cleanliness,  a  circumscribed  external 
otitis  may  result,  producing  the  symptoms  characteristic  of 
this  alfcction.  DilTuse  inHaniination  of  the  external  meatus  is 
rather  uncommon  unless  the  mastoid  process  is  involved. 
The  development  of  facial  paralysis  was  formerly  supposed 
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to  be  indicative  of  involvement  of  ihe  mastoid.  This  ts  bj 
no  means  true.  The  facial  nerve  in  its  passage  through  the 
t_ympanic  cavity  is  ordinarily  completely  inclosed  in  a  booy 
canal,  and  pressure  symptoms  are  impossible  unless  this  Imki; 
wall  is  wanting  at  some  portion,  either  as  an  anomalous  ara- 
toraiical  condition  or  as  a  result  of  necrosis.  In  either  of  these 
conditions  the  trunk  of  the  nerve  may  be  pressed  upon  ud 
facia!  paralysis  of  the  corresponding  side  result.  Where  the 
canal  is  impcricct  the  nerve  itself  may  become  inflamed  and 
the  integrity  of  the  facial  muscles  be  impaired  without  any 
inflamniatory  changes  taking  place  in  the  bony  wall.  When 
cholesteatoma  develops,  the  pressure  upon  the  nerve  trunk 
may  produce  this  symptom  when  the  bony  wall  has  been 
incomplete  originally  or  has  beeo  partially  absorbed  bj- 
pressure. 

The  occurrence  of  granulation  tissue  suggests  the  pres- 
ence of  necrotic  bone,  provided  the  car  has  been  kept  thor- 
oughly cleansed,  and  its  recurrence  after  removal,  with  sub- 
sequent thorough  cleansing,  is  pathognomonic  of  diseased 
bone.  Where  the  parts  have  not  been  thoroughly  freed  from 
the  discharge  the  action  of  the  heat  of  the  body,  together 
with  the  moisture,  induces  exuberant  granulations  to  spring 
up  about  the  edges  of  the  perforation  in  the  drum  membrane, 
and  may  often  excite  a  similar  process  from  the  internal  tym- 
panic wall  or  from  the  various  reduplications  of  mucous  mem- 
brane within  the  middle  ear,  although  the  osseous  structures 
may  not  be  affected.  These  granulations,  \vhcn  they  arc  due 
to  hypcrnutrition  of  the  soft  tissues,  yield  very  rapidly  t* 
chemical  caustics  if  the  parts  are  kept  thoroughly  cleaosetf. 
and  a  careful  observation  of  their  behavior  under  treatment 
enables  us  lo  recognize  the  involvement  of  the  bony  parts 
with  absolute  certainty.  Where  the  secretion  is  very  scant;, 
amounting  to  but  a  fraction  of  a  minim  daily,  it  may  not 
escape  from  the  meatus  at  all,  but  adhere  to  the  walls  ol  the 
canal  and  form  a  crust  upon  the  posterior  or  superior  wall  of 
tlie  meatus.  Close  to  the  membrana  tympani  it  spreads  down- 
ward and  conceals  it  more  or  less  completely.  The  presence 
of  suchascale  should  always  lead  us  to  suspect  a  suppurative 
process  within  the  tympanum,  although  the  patient  may  deny 
positively  that  the  ear  has  ever  been  the  seal  of  a  purulent  dis- 
charge In  these  cases  there  has  usually  been  caries  of  tbe 
ossicular  chain.     Most  frequently  the  incus  has  been  the  seat 
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of  the  destructive  process  which  may  have  occurred  in  early 
childhood,  although  it  may  not  be  discovered  until  adult  life. 
The  perforation  is  frequently  small  and  situated  high  up  in 
the  mcmbrana  tympani  in  its  flaccid  portion.  It  is  in  these 
cases  that  wc  may  have  serious  mastoid  complications  if  the 
condition  is  allowed  to  go  on  unchecked  ;  in  fact,  the  mas- 
toid inflammation  may  be  the  first  symptom  which  causes 
the  patient  to  direct  his  attention  to  the  ear.  More  rarely 
the  case  is  still  more  serious  and  intracranial  infection  takes 
place  and  progresses  so  insidiously  that  the  patient  is  beyond 
all  hope  before  the  trouble  is  discovered. 

The  symptoms  which  characterize  labyrinthine  involve- 
ment are  sudden  dizziness,  nausea,  and  profound  deafness.  A 
moderate  involvement  of  the  labyrinthine  structures  is  com- 
mon in  cases  where  the  disease  has  persisted  for  a  long  pe- 
riod. Notwithstanding  this  fact,  the  hearing  may  be  but  lit- 
tie  impaired,  the  labyrinthine  affection  being  confined  lo  that 
part  of  the  organ  which  is  concerned  in  the  appreciation  in 
the  highest  notes  of  the  scale— tones  which  arc  but  little  used 
in  carrying  on  the  ordinary  vocations  of  life. 

Diagnosis. — A.  Physical  Examination. — It  is  impossible  to 
describe  the  manifold  appearances  which  may  be  observed 
in  chronic  purulent  otitis.  For  convenience  we  may  divide 
them  into  six  groups: 

I.  Destruction  of  the  mcmbnina  tympani  over  a  large  area, 
with  thickening  of  the  mucous  membrane  over  the  internal 
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tympanic  wall  and  hypersecretion  from  the  exposed  suriace 
(Fig.  106). 

2,  Extensive  destruction  of  the  membrana  vibrans.  with  the 
development  of  granulation  tissue  over  the  internal  wall  of  the 
middle  ear  (Fig.  107). 

3.  But  slight  destruction  of  the  membrana  vibrans.  usually 
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in  the  postcricir  quadrant ;  adhesions  between  the  mai^n  ol 
the  perforation  and  the  internal  tympanic  wall,  exceptants 
upper  border,  where  a  sinus  leads  directly  into  the  vault  ol 
the  tympanum.  In  these  cases  granulation  tissue  may  be 
present,  protruding  from  the  orifice  of  the  sinus,  or  iht 
channel  may  be  perfectly  free.  This  appearance  is  indicativt 
of  caries  within  the  middle  ear  (Fig.  108). 

4.  Membranavibrans intact;  perforation  through  the mctp- 
braria  flaccida,  above  the  short  process  of  the  malleus.  Here 
granulation  tissue  may  or  may  not  be  present.  The  appear. 
ance  is  always  indicative  o(  diseased  bone  (Fig.  tog). 

5.  Entire  membrane  swept  away,  except  the  cartilaginous 
ring  and  a  small  portion  of  Shrapnell's  membrane  which  cd- 
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velops  the  ossicula  or  their  remnants,  partial  destruction  ol 
the  chain,  as  a  rule,  having  taken  place.  In  these  cases  there 
is  usually  a  sinus  beneath  the  anterior  or  posterior  ligament, 
sometimes  in  both  situations  (Fig.  1 10). 

6.  A  small  perforation  through  the  mcmbrana  vibrans,  ibt 
drum  membrane  otherwise  intact.  This  appearance  is  tnci 
with  in  childhood,  and  is  Indicative  of  infection  of  a  simple 
catarrhal  inflammation  of  the  tympanic  cavity,  due  usually  to 
neglect  (Fig.  ill). 

In  inspecting  any  case,  particular  attention  should  be  paid 
to  an  invesligaiitm  ol  the  entire  periphery  of  the  membrani 
tympani.  Not  only  the  membrana  vibrans,  but  especially  thsl 
part  lying  about  the  short  process,  should  be  carefully  CMHi- 
ined.  This  latter  step  should  be  taken,  although  a  perforation 
may  be  present  in  the  lower  portion  of  the  drum  mcmbraoe. 
which  seems  to  explain  sufficiently  the  presence  of  the  dis- 
charge. A  coexistent  loss  of  substance  in  Shrapnell's  xaetn- 
brane  may  be  found  which  will  modify  decidedly  the  prog- 
nosis in  the  case. 
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The  free  use  of  the  probe  is  not  difficult  in  these  cases, 
since  the  middle  ear  is  scarcely  scnsilive.  Wo  should  deter- 
mine  whether  the  discharge  really  proceeds  from  an  exposed 
surface  or  simply  flows  over  this,  originating  in  the  upper  part 
of  the  tympatiic  cavity.  When  this  is  the  case,  it  will  always 
be  possible  to  insert  a  delicate  probe  under  the  posterior  or 
anterior  fold  and  carry  it  upward  into  the  vault.  The  sim- 
plest means  of  doing  this  is  to  wind  a  pledget  of  cotton  firmly 
upon  a  small  cotton-holder,  the  cotton  extending  for  some  dis- 
tance beyond  the  end  of  the  instrument.  If  wound  firmly, 
this  cotton  tip  possesses  considerable  power  of  resistance, 
and  causes  less  pain  upon  impact  than  docs  a  metallic  in- 
strument.  The  coitoo  should  be  bent  at  a  right  angle,  the 
angular  portion  being  about  one  eighth  of  an  inch  in  length. 
It  is  sufficiently  firm  to  permit  its  introduction  beneath  the 
anterior  or  posterior  fold  of  the  membrana  or  into  the  small 
perloration  in  its  lower  portion.  By  manipulation  it  should 
be  carried  successively  to  the  different  parts  of  the  middle 
car,  when,  if  exposed  Imne  is  encountered,  the  operator  will 
rccogniice  the  fact  by  the  cotton  catching  upon  the  Jough 
surface.  When  this  is  not  felt,  it  is  well,  upon  removing  the 
instrument,  to  examine  the  cotton  carefully  by  means  of  a 
magnifying  glass.  Contact  with  exposed  bone  will  pull  out 
sonic  of  the  strands,  and  this  sign  is  as  positive  an  evidence 
o(  caries  .•»s  that  afforded  by  the  use  of  the  probe  in  any  other 
portion  of  the  body. 

Granulation  tissue  may  develop  to  such  an  extent  as  to 
completely  fill  the  meatus,  in  which  case  its  recognition  is  a 
matter  of  no  difficulty.  In  cases  where  it  comes  through  a 
perforation  in  the  membrana  flaccida,  it  may  be  so  closely 
applied  to  the  periphery  of  the  perforalion  as  to  render  the 
line  of  demarcation  almost  indistinguishable.  Here  the  mis- 
take may  be  made  of  confounding  the  appearance  with  a 
bulging  of  the  upper  ]>ortion  of  the  drum  membrane,  but 
careful  manipulation  with  the  probe  will  reveal  the  true  na- 
ture of  the  condition.  The  granulation  tissue  pits  easily  on 
pressure,  and  the  slight  amount  of  mobility  which  it  jjokscsscs 
points  clearly  to  a  pedunculated  attachment. 

The  mucous  membrane  covering  the  internal  tympanic 
wall  may  resemble  so  closely  the  .Tppearancc  of  a  bulged  and 
reddened  drum  membrane  as  to  mislead  us.  unless  wc  bear  in 
mind  that  where  the  membrana  tympani  is  present  wc  are 
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able  to  follow  any  one  wall  of  the  canal  continuously  across 
the  fundus  until  it  merges  into  the  opposite  wall,  the  outline 
being  unbroken.  If  we  are  <leaHng  with  a  case  in  which  Ihe 
internal  wall  of  the  middle  car  is  exposed,  wc  shall  find  a 
solution  of  continuity  at  the  very  pcriphcrj-.  between  ihc 
margin  of  the  canal,  which  stops  here  abruptly,  and  the  red- 
dened wait  of  the  middle  ear,  which  lies  at  a  lower  level. 
The  recollection  of  this  simple  fact  will  render  a  mistake  in 
diagnosis  rare. 

The  recognition  of  the  ossicula  is  frequently  a  matterof 
no  small  difficulty.  The  short  process  of  the  malleus  usually 
preserves  its  normal  position  more  nearly  than  any  o(  tlie 
other  landmarks,  and  should  be  first  sought.  When  this  is 
recognized,  if  the  shaft  is  present,  we  can  usually  make  ic  out 
If  it  does  not  lie  in  its  normal  position,  or  if  it  is  found  to  be 
slightly  displaced  backward  and  inward,  the  head  of  the 
patient  should  be  tilted  far  over  toward  the  opposite  side  and 
the  region  between  the  short  process  and  the  internal  t)"m. 
panic  wall  carefully  inspected.  Necrosis  of  the  tip  of  the 
malleus  is  not  uncommon,  and  then  the  manubrium  is  usuallj 
slender,  and  drawn  upward  and  inward  by  fibrous  bauds  and 
completely  hidden  from  view  by  the  prominent  short  proccM 
and  the  hypertrophied  posterior  and  anterior  folds. 

It  is  of  special  importance  to  inspect  the  upper  and  pos- 
terior quadrant  of  the  field  for  an  explanation  o(  the  dcgrw 
of  functional  impairment.  The  stapes  maj'  frequently  be  sen 
in  this  region  lying  close  to  the  margin  of  the  tympanic  ring, 
and  partially  concealed  by  it.  If  the  head  of  the  patient  is 
inclined  well  to  the  opposite  side,  and  at  the  same  time  tilted 
a  little  backward,  wc  arc  able  to  look  beneath  the  obstruct- 
ing margin,  and  can  usually  recognize  the  head  of  the  ossicle. 
Where  extensive  destruction  has  taken  place  the  long  process 
of  the  incus  is  often  wanting;  if  present,  it  may  occupy  lis 
normal  position,  the  incudo-stapcdial  articulation  being  clcarljr 
visible.  When  the  lower  portion  alone  is  destroyed  the  kid- 
nant  is  usually  displaced  toward  the  malleus,  lying  t>etween 
the  manubrium  mallei  and  the  head  of  the  stapes. 

Too  much  stress  can  not  be  laid  upon  the  importance  ol  1 
first  cleansing  the  ear  most  thoroughly  by  means  of  the  col- 
ton  pledget  and  employing  the  probe,  lightly  touching  cadi 
prominent  point  before  attempting  to  interpret  the  condition 
of  the  parts.     In  an  ear  which  has  been  properly  cleansed  an 
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exact  diagnosis  is  not  diHicuU  if  the  normal  anatomical  posi- 
tion of  the  parts  is  borne  in  mind.  Where  any  secretion  is 
present  an  exact  diagnosis  is  impossible,  and  a  correct  inter- 
pretation is  the  result  more  of  g-ood  tuck  than  of  skill.  In 
addition  to  the  ossicula,  certain  landmarks  may  be  recognized 
on  the  internal  trmpanic  wall.  In  the  anterior  quadrant, 
either  partly  below  or  above  the  median  plane,  there  is  a 
hemispherical  depression  just  at  the  margin  of  the  ring,  which 
marks  the  tympanic  orifice  of  the  Eustachian  tube,  [n  the 
posterior  quadrant  the  promontory  terminates  close  to  the 
tympanic  ring.  This  break  in  the  outline  marks  the  niche  of 
the  round  window  lying  below  the  head  of  the  stapes,  and  in 
a  plane  almost  at  right  angles  to  the  plane  of  the  oval  win- 
dow. Occasionally  the  niche  of  the  fenestra  rotunda  is  ex- 
ceedingly well  marked,  and  when  associated  with  a  contrac- 
tion of  the  meatus  at  its  inner  end  the  promontory  may  be 
mistaken  for  an  exostosis. 

Inflation  by  means  of  the  catheter  gives  auscultatory 
sounds,  which  vary  according  as  the  middle  ear  is  shut  o9 
from  the  Eustachian  tube  by  adhesions,  or  where  the  tym- 
panic orifice  is  patent.  When  the  inner  extremity  of  the 
tube  has  been  occluded  by  an  hypertrophic  process,  no  sound 
of  air  entering  the  tympanum  is  perceived,  each  compression 
of  the  bulb  being  heard  as  a  faint,  distinct,  percussion  sound. 
It  is  distinguished  from  the  sound  heard  when  the  tube  is 
occluded  at  the  isthmus  from  the  more  immediate  proximity 
to  the  ear  of  the  observer,  and  also  by  the  absence  of  mucous 
pharyngeal  rhonchi.  which  usually  accompany  this  latter  con- 
dition. With  a  patent  tube  the  sound  varies  from  a  full  blow- 
ing sound  where  the  perforation  is  large  to  a  sharp  whistling 
note  when  the  air  passes  through  a  small  opening.  Fre- 
quently perforations  in  the  upper  part  of  the  drum  membrane 
do  not  modify  the  normal  auscultatory  signs  because  the 
tympanic  vault  is  entirely  shut  off  from  the  atrium  by  adhe- 
sions, and  inflation  produces  the  characteristic  impact  sound 
as  the  air  impinges  upon  the  drum  membrane. 

Involvement  of  the  mastoid  process  is  characleriicd  bv 
pain  and  tenderness  over  the  mastoid  region  externally,  and 
usually  by  a  diminution  in  the  amount  of  discharge.  Within 
the  canal  we  find  the  paris  tender  along  the  superior  and  pos- 
terior walls  close  to  the  tympanic  ring.  Very  soon  after  the 
mastoid  has  been  attacked  the  soft  tissues  in  this  region  sag 
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into  the  lumen  of  the  meatus,  narrowing  tlie  fundus,  and  i 
severe  cases  may  He  in  contact  witli  the  oppoKite  wall.  This 
prolapse  of  the  supero-posterior  wall  oi  (he  bony  canal  is 
pathog'nomonic  of  an  inflammatory  process  within  the  toas- 
toid,  and  we  need  no  other  indication  before  resorting  toim. 
mediate  operative  measures.  The  tcnijieraturc  is  in  nowise 
indicative  of  extension  in  this  direction  ;  quite  frequently  the 
temperature  remains  normal,  although  the  pneumatic  *pac« 
in  communication  with  the  tympanic  cavity  have  become  in- 
volved. 

B.  Funclwnal  Examination. — The  hearing"  for  sharp  sound! 
is  reduced,  and  conversational  voice  and  whis[>cred  speech 
may  be  heard  as  well  or  better  than  either  the  watch  or  aeon- 
meter.  The  lower  tone  limit  is  elevated  ;  the  upper  tone 
limit  is  frequently  normal,  especially  where  the  parts  are 
moist,  and  where  the  process  has  not  existed  for  many  years. 
In  some  cases  we  find  that  high  notes  arc  better  perceived 
than  under  normal  conditions.  Where  the  ear  has  been  the 
scat  of  a  purulent  inflammation  lor  a  long  period  of  years, 
the  upper  tone  limit  is  often  considerably  lowered.  This 
indicates  labyrinthine  involvement,  which  is  usually  not  pro- 
gressive. Bone  conduction  is  increased  in  most  cases-  Whexe 
one  side  alone  is  affected,  the  tuning  fork  on  the  vertex  is 
heard  better  by  the  affected  ear;  the  normal  ratio  between 
bone  and  air  conduction  is  reversed  for  the  lower  notes  of  tk 
scale,  frequently  for  all  notes  below  thee" — 512  V.  D.  The 
galvanic  irritability  is  usually  increased  while  the  middle-car 
process  is  active ;  when  this  is  quiescent  such  a  reaction  to 
the  galvanic  current  would  be  indicative  of  labyiintbine 
inflammation  or  congestion. 

Prognosis.— Wc  consider  under  prognosis,  first,  the  degree 
of  functional  impairment  which  the  patient  will  suffer;  sec- 
ond, the  continuance  or  cessation  of  the  discharge;  third,  the 
danger  to  life. 

In  considering  the  probable  degree  of  functional  impair- 
ment,  we  must  remember  in  general  that  a  suppurative  inflam- 
mation endangers  the  hearing  much  less  than  does  a  nonsup- 
purative process.  The  amount  of  destruction  that  has  resulted 
furnishes  us  few  data  upon  which  to  base  an  opinion.  The 
condition  of  the  parts  in  the  upper  and  posterior  quadrant, 
however,  may  aid  us  in  estimating  the  probable  degree  of  im- 
pairment which  will  result;  if  the  stapes  is  exposed  and  is 
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movable  upon  m.ihipul.ition  and  the  niche  of  the  round  u-in> 
dow  is  unobstructed,  deterioration  of  the  hearing  should  not 
take  place  beyond  that  originaUy  present  when  the  patient 
first  comes  under  observation ;  on  the  contrary  we  should 
expect  it  lo  improve  considerably  from  the  reduction  of  the 
inflammatory  process  and  from  surgical  measures  directed  to- 
ward adhesions  which  may  be  present.  When  the  stapes  can 
not  be  seen  but  adhesions  exist  which,  from  their  location, 
might  fix  it  firmly,  the  chances  of  improvement  arc  still  gtwd. 
With  a  normally  movable  stapes  and  where  the  round  window 
is  nut  occluded,  it  is  not  probable  that  any  measure  directed 
toward  the  middle  ear  will  greatly  increase  the  power  of  au- 
dition. In  interpreting  these  appjearances  we  naturally  cor. 
relate  the  results  of  the  functional  and  physical  examinations. 
With  labyrinthine  involvement  we  may  hope  (or  improvement 
from  internal  medication,  although  a  guarded  opinion  should 
be  given  as  to  the  degree  which  will  be  attained. 

Concerning  the  cessation  of  discharge,  Ihc  chief  factor  is 
the  presence  or  absence  of  diseased  bone  and  the  extent  to 
which  the  osseous  tissues  have  been  invaded.  II  we  fmd  that 
the  bony  ring  has  been  involved  and  the  disease  is  of  long 
duration,  il  is  quite  probable  that  softening  has  occurred  in 
regions  inaccessible  to  instruments  introduced  through  the 
meatus.  If  the  ossicula  alone  are  the  seat  of  the  necrotic  pro- 
cess or  if  we  believe  ttiat  the  walls  of  the  middle  ear  arc  but 
slightly  involved,  our  prognosis  is  then  fairly-  good  regarding 
the  ultimate  cessation  of  the  otorrhoca.  When  no  dead  bone 
is  present  wc  should  be  able  to  promise  absolutely  that  the 
discharge  will  cease  under  proper  treatment.  Wc  can  also 
promise  that  the  danger  of  subsequent  mastoid  involvement 
will  be  removed.  But  in  any  given  instance  where  the  osseous 
stnictures  have  been  invaded,  lo  promise  absolutely  that  the 
discharge  will  cease,  is  certainly  unwise. 

Concerning  the  danger  to  life,  wc  need  only  lo  remember  ' 
that  insurance  companies  constantly  reject  applicants  suffer- 
ing from  a  chronic  otorrhoea.  to  appreciate  how  grave  a  men- 
ace to  life  the  condition  h.  Where  the  mastoid  is  not  involved 
and  an  examination  reveals  no  evidence  of  intracranial  involve- 
ment at  the  lime  of  the  investigation,  wc  can  promise  that  by 
properly  conducted  treatment  the  process  will  not  endanger 
the  life  of  the  patient.  With  mastoid  involvement  there  is  al- 
ways a  certain  clement  of  danger  dependent  upon  the  degree; 
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when  intracranial  changes  have  already  taken  place  the  prog, 
nosis  is  very  grave.  The  variations  in  conditions  which  infiu. 
ence  our  opinion  when  the  mastoid  is  involved  will  be  fullj 
discussed  in  a  chapter  on  this  subject.  Subjective  notscs,as 
a  rule,  are  not  distressing  in  the  disease  under  discussion :  but 
when  prcscnt.it  is  difficult  to  secure  a  complete  subsidence  «l 
tinnitus  unless  it  results  from  an  acute  exacerbation  of  tbe 
chronic  tli^tase. 

Treatment. — In  the  treatment  of  these  cases  we  endeavor 
to  accomplish  two  results:  first,  to  stop  the  discharge;  sn- 
ond,  to  improve  the  hearing  and  relieve  the  subjective  dis- 
turbances if  any  are  present. 

In  order  to  accomplish  the  first  purpose  it  is  necessary  to 
sec  that  ihe  ear  is  kept  thoroughly  cleansed  in  order  thai  ihc 
combined  influence  of  heal  and  moisture  may  be  removed.  If 
the  patient  is  to  be  treated  at  the  hands  of  the  surgeon  ever/ 
day  and  the  discharge  is  only  moderate  in  quantity,  this  m»j- 
be  removed  in  whatever  way  seems  advisable,  either  with  the 
cotton  pledget  or  by  irrigation  with  the  syringe.  If  the  treat- 
ment is  to  be  conducted  by  the  patient.  Irrigation  affords  the 
only  safe  means  by  which  this  object  can  be  effected.  Tbe 
frequency  with  which  irrigation  should  be  repeated  depend* 
on  the  quantity  of  discharge,  which  must  not  be  allowed  » 
accumulate  in  the  canal.  In  children,  where  the  process  s 
very  active,  or  in  cases  that  have  been  neglected  for  a  looj 
time,  it  is  well  to  begin  by  having  the  ear  syringed  every  two 
hours.  The  attendant  or  the  patient  himself  must  be  in- 
structed carefully  in  the  manner  of  performing  this  apparently 
simple  operation.  In  the  large  majority  of  instances  i(  this  is 
not  done  the  pus  will  not  be  thoroughly  removed  from  the 
canal  by  the  procedure;  consequently  particular  attention  is 
directed  to  this  point.  In  the  adult  patient  the  car  is  to  be 
drawn  upward  and  backward  fay  grasping  the  auricle  between 
the  index  and  middle  fingers  of  the  left  hand,  thus  straight- 
ening the  auditory  meatus.  The  syringe  shotdd  have  a  blunt 
nozzle,  rendering  it  impossible  for  it  to  be  carried  in  the 
meatus  far  enough  to  impinge  upon  the  membrana  tytnpinl 
.A.ftcr  the  irregularities  in  the  canal  have  been  overcome  in 
the  manner  described,  the  syringe  should  be  introduced  into 
the  meatus  as  far  as  possible  and  directed  inward  and  slightly 
downward  and  forward  toward  the  tip  of  the  nose.  In  young 
children  the  curves  of  the  canal  are  best  obliterated  by  pull- 
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ing  the  auricle  outward  and  downward,  as  shown  in  Fig.  87. 
If  the  syringe  is  pointed  upward  and  inward  the  fluid  will 
cleanse  the  deeper  parts  more  thoroughly  than  if  the  dircc 
tions  just  given  for  the  use  of  the  syringe  in  adult  patients 
are  followed.  The  irrigating  fluid  is  injected  with  a  moderate 
amount  of  force,  and  the  return  current  holding  the  pus  in 
suspension  is  allowed  to  flow  into  any  convenient  receptacle 
which  the  attendant,  or  even  the  patient  himself,  holds  under 
the  ear  close  to  the  side  of  the  face.  The  temperature  of  the 
fluid  is  a  matter  of  considerable  importance ;  both  hot  and 
cold  salulions  are  painful  when  introduced  into  the  meatvts, 
and  the  sensations  of  the  patient  should  guide  us  in  choosing 
the  proper  temperature.  The  amount  to  be  used  at  each 
irrigation  should  nut  be  less  than  half  a  pint,  and  it  is  fre- 
quently advisable  to  use  more. 

Concerning  the  choice  of  a  fluid  for  this  purpose,  we  may 
use  either  a  bichloridc-of-mcrcury  solution  (1  to  5,000  or  1  to 
8,000)  or  water  which  has  been  boiled  and  allowed  to  cool  to 
a  lukewarm  temperature,  or  a  saturated  solution  of  boric  acid, 
or  a  two-per-ccnt  solution  of  carbolic  acid,  or  any  other  con- 
venient solution.  In  c:iscs  which  have  formerly  been  under 
treatment,  and  the  patients  know  by  experience  the  effect 
which  fluids  have  upon  the  ear,  the  surgeon  may  be  told 
occasionally  that  the  result  of  the  so-called  "wet  treatment" 
has  been  to  increase  the  discharge.  Many  of  these  patients 
are  able  to  wipe  out  the  ears  very  successfully  with  a  small 
pledget  ol  cotton  twisted  about  a  bit  of  wood  or  upon  a 
mctalUc  cotton  holder.  Wc  should  never  disregard  these 
statements  on  the  part  of  the  patient  without  some  good 
reason,  and  it  is  well  not  to  insist  upon  the  use  of  fluids  if 
there  is  evidence  that  these  have  formerly  increased  the 
trouble. 

The  removal  of  the  discharge  causes  the  swelling  of  the 
tissues  within  the  middle  ear  to  diminish,  and  with  the  disap- 
pearance  of  the  congestion  and  cedcma  the  discharge  will 
diminish  in  quantity  and  the  parts  resume  their  normal  ap> 
pearance. 

We  should  now  carefully  investigate  as  to  the  cause  of  the 
flow.  If  we  find  the  mucous  membrane  within  the  middle 
ear  cxjiosed  over  a  large  area,  as  is  the  case  when  considcra* 
bte  of  the  membrana  tympani  has  been  destroyed,  and  (he 
exposed  mucous  membrane  is  swollen,  hypcrtrophted,  turges* 
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cent,  and  moist,  the  indication  is  to  cause  an  absorption 
the  hypertrophicd  tissue  and  restore  the  local  circulaiion  to 
a  normal  condition.  Certain  conditions  of  the  upper  :iir  pass- 
ages may  tend  to  keep  up  a  state  of  chronic  congestion  wiihin 
the  middle  ear,  and  investigation  of  the  nose  and  naso-ph^- 
rynx  should  never  be  omitted. 

Where  adenoid  vegetation.*;  arc  found,  it  is  well  to  begin 
our  treatment  by  their  removal.  Enlarged  faucial  tonsils  do 
not  as  frequently  cause  trouble,  but  if  the  organs  arc  excess- 
ively hypertrophicd,  they  should  be  removed.  Hyperlniphy 
of  the  turbinated  bodies  or  other  marked  obstructive  condi- 
tions in  the  nasal  cavity  a.lso  demand  treatment,  in  order  that 
there  shall  be  no  barrier  to  the  free  venous  flow  from  ihc 
middle  ear. 

Applications  should  also  be  made  to  the  exposed  linirg 
membrane  of  the  tympanum.  For  this  pur|>ose  solutions  ol 
nitrate  of  silver  may  be  employed,  beginning  with  a  Iwo-per 
cent  solution,  and  rapidly  increasing  the  strength,  according 
to  indications,  up  to  two  hundred  and  forty  grains  to  the 
ounce,  if  neCessary.  The  copper  salts,  if  emi>loycd.  should  be 
used  in  less  saturated  solutions — ordinarily  of  a  strength  of  not 
more  than  ten  grains  to  the  ounce.  The  practice  of  allowing 
these  patients  to  instil  astringent  solutions  into  Ihe  car  is  not 
advisable,  particularly  aqueous  solutions  of  sulphate  of  2inc 
with  a  small  amount  of  glycerin  added,  to  retain  the  astrin- 
gent for  a  longer  time  in  contact  with  the  mucous  memboine. 
A  solution  of  this  sort  afTords  an  excellent  soil  for  the  devel- 
opment of  the  various  vegeUblc  molds,  and  this  occurrence 
often  follows  its  continued  use.  If  the  patient  is  able  to  visit 
the  surgeon  only  occasionally  the  preparation  which  is  best 
adapted  for  his  use  at  home  is  an  alcoholic  solution  of  boric 
acid  in  the  proportion  tif  twenty  grains  to  the  ounce.  Where 
the  internal  wall  ol  the  tympanum  is  exposed  over  a  large 
area,  this  solution  produces  particularly  good  results,  the  alco- 
hol acting  as  a  local  stimulant  to  the  parts,  while,  in  combi- 
nation with  boric  acid,  it  possesses  sufficient  antiseptic  prop- 
erties to  keep  the  parts  free  from  the  development  of  any  of 
the  low  vegetable  organisms.  It  also  exerts  a  decided  astrin- 
gent action,  preventing  the  formation  of  granulation  tissue- 

The  use  of  powders  which  the  patient  is  to  blow  into  the 
ear  can  not  be  too  strongly  condemned.  Under  no  condiltoo 
should  the  patient  be  supplied  with  any  remedy  in  this  form- 
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Even  in  cases  where  the  perforation  is  very  large,  it  is  [)o.s> 
sibic  for  a  preparation  of  1.his  character  to  dry  into  a  firm 
crust  alter  absorbing  the  discharge,  and  this  crust  may  be- 
come so  closely  attached  as  to  constitute  a  barrier  to  the  free 
outflow  of  secretion,  in  case  this  becomes  suddenly  auEmcntcd 
in  quantity  at  any  time.  I'us  retention  under  these  circum- 
stances docs  not  differ  from  retention  of  purulent  material 
from  any  other  cause,  and  in  a  considerable  number  of  cases 
death  has  resulted  from  the  incautious  use  of  powders.  In 
the  hands  nf  the  surg^con  sonic  of  the  astringent  or  stimu- 
lating powders  are  of  great  value.  Wc  sometimes  find 
that  after  the  discharge  has  been  greatly  reduced  a  small 
amount  of  moisture  still  persists,  and  the  progress  of  the  case 
slops  at  this  point.  The  use  ol  Buids  in  these  cases  seems  to 
tend  rather  to  keep  up  the  discharge.  The  insufllation  of  a 
minute  quantity  of  boric  acid,  oxide  ol  zinc,  iodoform,  or  a 
mixture  of  equal  parts  of  alum  and  boric  acid  is  frequently 
followed  by  a  complete  cessation  of  secretion,  the  car  remain- 
ing perfectly  dry.  The  fact  must  be  emphasized  that  but  a 
minute  quantity  of  any  such  preparation  is  to  be  used,  just 
sufficient  to  cover  the  mucous  niembi-anc.  In  the  case  of 
boric  acid  a  little  may  also  be  dusted  upon  the  walls  of  ihe 
meatus,  but  the  practice,  sometimes  recommended,  of  tilling 
the  canal  with  the  powder  should  never  be  adopted.  In  no 
case  .should  powder  lie  used  even  by  the  surgeon  if  an  inter- 
val of  more  than  forty-eight  hours  is  to  elapse  before  the  next 
visit,  and  the  patient  should  be  directed  immediately  to 
syringe  the  car  thoroughly  if  at  any  time  there  is  paiii,  giddi- 
ness or  a  considerable  increase  in  the  discharge.  With  these 
precautions  I  thorougiily  approve  of  the  use  of  powders,  but 
under  no  other  circumstances. 

In  other  cases  we  find  that  our  efforts  arc  unsuccessful, 
although  most  carefully  conducted.  This  should  always 
cause  the  suspicion  nf  diseased  bone  in  some  portion  of  the 
tympanic  cavity.  Naturally  this  has  already  been  sought 
in  the  first  examination,  but  if  treatment  has  been  consci- 
entiously carried  out  in  the  m.inner  described  for  a  period 
of  three  to  four  weeks  without  reducing  the  quantity  of 
the  discharge  considerably  wc  may  assume  safely  that  dis- 
eased bone  is  the  cause  of  the  trouble.  This  applies  to  cases 
where  no  gr.anulation  tissue  is  present ;  in  many  instances  we 
find  this  additional  symptom.     Where,  upon  primary  exami- 
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nation,  exuberant  granttlations  ar%  present  to  such  a  (legm 
as  to  fill  the  fundus  of  llie  canal,  or  even  if  confined  to  a 
limited  area,  these  should  be  dealt  with  before  methods  othn 
tlian  simple  cleansing  ».rc  instituted.  If  the  granulations  art 
of  small  size  they  may  Ik  destroyed  in  situ  l*y  the  chcminl 
or  potential  cautery.  The  chemical  agents  employed  for  ihis 
puiTTOSc  arc  chromic  acid  or  siLvcr  nitrate,  cither  of  whidi 
m:iy  l>e  fused  upon  the  end  of  a  metal  i)robe  and  lightly  iy- 
plied  to  the  granulation  tissue  after  thoroughly  dr^-ing  tlw 
area  to  be  touched.  Any  excess  of  the  agent  must  be  wijmi 
away  by  means  of  a  dry  pledget  of  cotton  to  prevent  it  from 
spreading  over  tlie  entire  lining  membrane  of  the  nii^Itlk  car. 

Where  the  tissue  is 
soft  and  but  little 
elevated  above  the 
general  surface  of 
the  mucous  tiwni- 
brane,  a  saluraitd 
solution  of  persul- 
phate of  iron  may 
be  employed.  Chro- 
mic acid  is  more 
suitable  for  the  df- 
stniction  of  large 
granulations  than 
any  ottier  chemical 
agent,  since  scvtrc 
inflnnmiatory  reac- 
tion very  rarely  fol- 
lows its  use.  The 
manipulation  of  the  actual  cautery  is  difficult,  and  is  rarely  mure 
efficient  than  the  means  above  mentioned.  Where  the  granula- 
tions arc  of  larger  size  they  slmulil  be  removed  by  means  of  ihc 
cold  wire  snare  (Fig-  112).  llie  I(X)]»  lieing  carried  upwaril  to 
the  I>ase  and  made  to  surround  it.  when  by  drawing  the  «irc 
into  the  tube  of  the  snare  the  growth  is  cut  off  close  to  its  at- 
tachment. I  nuich  prefer  this  method  to  evulsing  the  gro«lli 
after  it  has  been  surrounded  by  the  loop.  A  practice  which  I 
often  employ  in  these  cases  is  removal  of  the  tissue  hy  mean* 
of  the  sharp  curette  (Fig.  113).  Instruments  of  various !-i«s 
are  necessary  in  order  to  perform  the  oi»eration  effectivdy  in 
this  manner.     The  curette  is  carried  into  the  canal,  pusc<3 
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below  the  growth,  and  then  raised  so  that  the  ring  of  the  in- 
strutneitt  will  encircle  it;  by  movint;  tlie  ciirctte  delicately  it  can 
be  carried  upward  aloiigf  the  pedicle  to  its  point  o£  attacliment ; 
then,  by  pressing  the  instrti- 
meiit  fin-nly  against  ihe  wall 
of  the  eaiial,  and  at  the  same 
time  drawing*  it  outward,  ihe 
mass  is  removed. 

This  pruccdtire  is  not 
painful  if  care  is  taken  not  lo 
touch  the  walls  of  the  niealus 
during  the  introduction  of  the 
instrument.  The  advantage 
of  this  method  lies  in  the  thor- 
ough extirpation  of  the  nia^s, 
■which  is  usually  severed  close 
to  its  base.  After  removal,  a 
jiledget  of  cotton,  saturated  in 
a  I  to  I, coo  solution  of  adrc- 
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Fto.  113.— Removal  of  nDrnl  polyp  with 
Uic  &harp  cu telle. 


nalin  chloride,  is  inserted  into  the  canal  and  crowded  rather 
>irmly  into  the  fundus  to  check  whatever  haemorrhage  may 
occur. 

After  a  few  moments  this  tainiHMi  is  removed  and  the  parts 
ihorougldy  cleansed  by  the  cutlcm  pledget,  after  which  the  stump 
is  .cauterized.  If.  after  a  thorough  removal  in  this  manner 
and  carefid  cleansing  of  the  car  for  a  period  of  several  days. 
the  tis:>ue  rcap|K-ars,  dead  bone  is  certainly  present.  No  other 
condition  but  the  presence  of  a  foreign  liody  can  cause  this 
phenomenon,  and  measures  should  at  once  lje  instituted  to  re- 
move the  offending  substance. 

Owing  to  the  possibility  of  infection  of  the  intracranial 
structures  through  the  raw  surface  left  by  the  removal  of 
granulation  tissue,  even  tliis  simple  prfKzcdure  should  never  be 
[jcrfornted  unless  the  patieul  can  be  kc|>t  under  close  observa- 
tion for  ecvcral  days  after  the  npcralinn. 

It  often  happens,  in  an  ear  wliioh  has  been  the  seat  of  puru- 
lent process  since  early  childhuod.  ili;it  the  discharge  ceases 
and  ttte  car  remains  practically  dry,  but  nccasionally  a  small 
amotmt  of  offensi%'e  discharge  apiwars  at  llie  meatus.  It  will 
frequently  be  found  that  this  symptom  is  due  to  the  presence 
of  an  aspcrgillus  wliicli  has  fouml  lodgment  and  subset] uently 
developeil  in  the  meatus  or  upon  the  internal  tympanic  wall. 
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Owing  to  the  presence  of  %  slight  nmount  of  moisture 
has  developed  in  this  situation,  and  afterward  its  presence 
increases  the  discharge,  and  thus  facilitates  its-own  growth. 
This  fact  is  mentioned  since  its  occurrence  may  mislead  us  as 
to  the  result  obtained  by  previous  treatment  in  any  given  caw. 
In  several  cases  in  which  the  ossicles  had  been  removed  lor 
caries,  and  the  discharge  had  ceased  completely,  the  patients 
returned  after  several  months  coni|)laining  that  the  dischai^ 
had  reappeared.  This  was  found  to  l>c  due  to  the  devekifi- 
ment  of  a  fungus  in  the  canal.  Thorough  cleansing  and  an 
application  of  a  solution  of  the  bichloride  of  mercury,  in  di- 
luted alcohol  in  the  proportion  of  i  to  2000,  destroys  such 
growths,  and  restores  the  parts  to  their  previously  quiescent 
condition. 

Where  the  discharge  depends  upon  the  lack  of  proper 
care  in  treating  a  previous  acute  catarrhal  inflammation,  we 
find  that  the  perforation  in  the  membrana  tympani  is  of  but 
small  size,  and  that  the  purulent  discharge  is  due  to  an  infec- 
tion of  the  normal  mucous  secretion  of  the  middle  car.  After 
infection  the  fluid  products  arc  but  imperfectly  evacuated, 
owing  to  the  narrowness  of  the  opening.  The  first  indication 
here  is  to  secure  free  drainage  by  enlarging  the  opening  wili 
a  blunt  knife.  If  the  fluid  is  viscid,  it  is  frequently  wise  to 
make  two  diverging  incisions,  inclosing  a  V-shaped  flap,  to 
permit  the  complete  evacuation  of  the  contents  of  the  cavity 
upon  inflation  of  the  middle  car.  After  thorough  cleansing'— 
first  by  inflation,  and  subsequently  by  irrigation  of  the  tym- 
panic cavity'  by  means  of  the  middle-ear  syringe  (shown  in 
Fig.  99).  and  thoroughly  disinfecting  the  meatus— these  cases 
may  recover  with  no  further  treatment.  If  this  does  wot 
occur,  the  lining  of  the  tympanic  cavity  is  to  be  stimulated 
by  the  injection  of  a  mild  astringent  fluid,  introduced  by 
means  nf  the  tympanic  syringe.  The  delicate  delivery  tube 
of  the  instrument  is  carried  through  the  perforation  and  a 
sufficient  quantity  injected  to  611  the  tympanum  complctclr* 
We  usually  recognize  the  fact  that  a  sufficient  amount  has 
been  injected  by  the  passage  of  the  fluid  thrcjugh  the  Eusta- 
chian tube  into  the  pharynx.  We  should  never  begin  with  a 
solution  of  nitrate  of  silver  stronger  than  five  grains  to  the 
ounce  of  water,  subscipiently  increasing  the  strength  as  we 
find  the  parts  tolerant  to  the  drug.  Only  solutions  sterilized 
by  heat  should  be  used  in  this  manner,  and  the  instruments  em- 
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ployed  must  have  been  subjected  to  a  siniiLir  process.  Where 
the  dischirge  still  continues  in  spite  of  this  treatment,  and  no 
condition  is  present  in  the  nose  or  naso-pharynx  which  would 
tend  to  aggravate  it,  good  results  may  often  be  ubtained  by  ap- 
plying a  paper  dressing  to  the  part  after  the  middle  ear  has 
been  thoroughly  cleansed  and  the  mucous  membrane  subjected 
to  the  action  of  appropriate  drugs.  This  paper  dressing  was 
first  used  by  Blake,  and  consists  of  a  small  bit  of  thin  sized 
paper  of  appropriate  shape,  which  is  first  moistened  in  a  solu- 
tion  of  bichloride  of  mercury,  1  to  1,000,  and  conveyed  into 
the  middle  ear  by  the  furceps  or  upon  the  tip  of  the  cotton 
holder.  The  surface  of  this  disk  of  paper  is  applied  to  the 
drum  membraoe,  and  by  manipulation  so  placed  as  to  occlude 
the  opening  in  it.  When  in  position,  its  edges  are  firmly  but 
delicately  pressed  upon,  to  secure  close  contact  with  the 
drtim  membrane  at  every  point.  The  efficiency  with  which 
this  has  been  done  can  be  dcmon.mrated  by  gently  inflating 
the  car.  when  no  perforaliim  sound  will  be  hc;ird  if  the  opera- 
tion h;is  been  satisfactorily  performed.  A  little  boric  acid  is 
now  lightly  dusted  over  the  disk  and  the  mcmbrana  tympani. 
This  dressing  will  remain  in  place  for  a  period  varying  from 
four  days  to  two  weeks,  at  the  end  of  which  time  it  will  prob- 
ably have  been  carried  toward  the  periphery  of  the  mem- 
brane, exposing  the  margin  i>l  the  perforation.  Another 
dressing  should  now  be  applied  in  the  same  manner  as  before, 
overlapping  the  first  disk,  so  that,  as  the  exogenous  growth 
of  the  membrane  carries  the  first  outward,  the  opening  will 
be  gradually  occluded  by  the  second  dressing.  The  stimula- 
tion which  the  presence  of  this  foreign  body  ]>roduces  is  fre- 
quently sufficient  to  effect  a  complete  closure  of  the  opening 
in  the  membrana  tyrapani,  while  its  protective  action  induces 
retrograde  changes  in  the  congested  lining  of  the  middle 
car  after  securing  free  drainage  by  enlarging  the  opening. 
Where  a  sinus  leading  ijilo  the  tympanic  vault  is  present 
Immediately  beneath  either  the  anterior  or  posterior  told,  it  is 
pnilKdile  that  the  osscmis  structures  have  been  involved  by 
the  intlammaCory  process.  If  wc  do  not  detect  the  presence 
of  dead  bone  upon  examination,  the  treatment  detailed  in 
the  preceding  pages  may  be  followed  for  a  few  weeks;  but, 
in  addition,  the  vault  of  the  cavity  should  be  irrig.ited  by 
means  of  the  tympanic  syringe,  the  delivery  tube  being  bent 
upward  at  its  extremity,  so  as  to  adroit  of  insertion  into  the 
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Fig.  114. — Inltjaiioit  of  tlie  tyinpanic 
vault 


sinus  ami  injection  of  the  fluid  into  the  upper  spaces  fFig. 
1 14).  Naturally  such  manipulation  can  only  be  carriwi  on  by 
the  surgeon  himself.  The  irrigation  should  be  repeated  at 
first  daily,  and  subsequently  less  frequently,  as  the  discluTge 

diminishes  in  amount.  In 
cases  where  bony  necrosis 
has  taken  place  the  diseased 
bone  may  have  been  thrown 
oil  spontaneously,  cithcrdl^ 
integral  in|i^  and  discharging 
in  the  form  of  pus,  or  it  may 
have  come  away  as  a  se- 
questrum at  some  former 
time. 

Here  the  persistence  o( 
discharge  depends  upon  the 
retention  of  the  secretion 
in  the  reduplications  o(  the 
mucous  tnembrancs  io  tht 
vault  of  the  cavity.  It  is 
for  this  reason  we  are  warranted  in  attempting  at  first  lo 
check  lh(j  discharge  by  mild  measures.  Peroxide  of  hydro- 
gen, cither  dilute  or  ol  full  strength,  has  been  highly  recom- 
mended by  .sonic  observers  for  the  irrigation  of  this  reginn; 
a.si(le  from  the  fact  that  the  antiseptic  action  ol  this  drug  is 
visible,  1  sec  no  reason  why  it  possesses  any  advantages  owt 
other  solutions  which  are  known  to  destroy  pathogenic  iao 
teria.  Certainly  its  entrance  into  the  mastoid  cells  is  unde- 
sirable because  of  the  pressure  exerted  by  the  gas  evolved 
during  its  action. 

Failing  in  any  of  these  simpler  measures,  wc  may  feel  cer- 
tain that  the  discharge  is  due  to  the  presence  of  discwcd 
bone,  and  when  wc  are  confident  of  this  fact  the  only  rational 
procedure  is  to  remove  it.  The  extent  to  which  the  bony 
structures  arc  involved  influences  the  prognosis  materially; 
if  confined  to  the  ossicles  the  discharge  will  certainly  cease 
upon  ossiculectomy  and  thorough  curetting  of  the  tympanic 
walls,  n  the  process  is  so  extensive  as  to  involve  the  osse- 
ous walls  in  regions  inaccessible  to  instruments  inlmduccii 
through  the  meatus,  the  removal  of  the  ossicles  may  still  t* 
indicated  for  the  purpose  of  securing  free  drainage  of  ih' 
intratympanic  spaces,  although  the  discharge  may  not  cnti^^ 
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ly  cease.  When  there  is  sagging  of  the  superior  wall  of  the 
canal,  a  history  of  previous  mastoid  symptoms  or  mastoid  ten- 
derness, ami  a  purulent  discharge  so  profuse  that  it  must  origi- 
nate in  a  cavity  of  greater  size  than  the  micUlle  ear,  the  i<leal 
procedure  is  an  external  operation,  completely  exposing  the 
]>neiimatic  spaces  of  the  mastoid,  together  with  the  walls  of  ihe 
tympanum.  Theoretically,  such  an  operation  should  always 
result  in  a  complete  cure.  Practically,  the  results  obtained  arc 
frequently  so  satisfactory  after  the  operation  for  removal  of  tJic 
ossicles  and  curetting  the  adjacent  tympanic  walls  through  the 
meatu?  that  this  operation  is  frequently  chosen  by  the  surgeon, 
and  often  with  most  satisfactory  results.  Unfortunately,  even 
after  a  com|)letc  radical  operation,  some  little  discharge  may 
remain.  In  doniitful  cases  the  surgeon  is  justified  in  recom- 
mcmhng  the  simpler  operation  first,  giving  the  patient  to 
understand  that  if  this  procedure  is  not  followed  by  complete 
cure,  and  i(  disagreeable  symptoms  still  continue,  the  more 
extensive  oiwration  will  be  necessary. 

Operative  procedures  can  not  be  too  strongly  urged  in  all 
cases  where  the  presence  of  eli.»;eased  bone  is  made  out  either 
by  tactile  examination  or  is  quite  as  certainly  indicated  by 
the  persistence  of  ihe  discharge  in  spite  of  appropriate  treat- 
ment. 

Regarding  the  efficacy  of  the  operation  of  excision  of  the 
ossicles  and  curettcmcnt  of  the  tympaniim.  I-udewig  •  reponed 
forty-two  cures  in  seventy-five  cases  operated  upon.  Grunert  f 
cited  ihirteen  cures  in  twenty-eight  operations.  The  author  $ 
reported  nearly  tivo  years  ago  fifteen  cures  in  twenty-nine  cases 
operated  upon,  whili-iti  nine  the  rlischarge  was  greatly  reduced 
in  quantity.  The  author's  later  operations  have  given  about 
the  same  results.  In  a  total  of  ninety-two  cases  operated  upon, 
fifty-three  have  been  cured,  twenty-five  improvcil,  and  two  un- 
improved, in  the  remaining  twelve  cases  the  result  is  un- 
known. Ol  the  cases  last  mentioned  two  were  seen  but  onee 
after  ihc  openition;  the  others  were  improving  when  last  seen. 

So  far  we  have  considered  the  efTect  of  treatment  upon  the 
dischaige  alone.  Concerning  the  function  of  the  organ,  it  may 
be  said  that,  in  cases  of  extensive  destruction  of  the  mcmbrana 

■  Areh.  mr  Ohmilitrilk.,  vul.  luis.  p.  363. 
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tympani  and  the  formation  of  adhesions  between  the  ossk- 
ula,  the  power  of  audition  may  diminish  slightly,  owing  to 
the  increased  tension,  after  the  parts  become  perfectly  dry. 
This  fact  does  not  render  the  necessity  or  advisability  of  stop- 
ping thcdiscliargc  less  imperative,  since  any  resulting  impair- 
ment of  function  can  be  corrected  by  division  of  the  adhesions 
at  a  subsequent  period,  while  the  continued  secretion  of  pus 
is  a  constant  menace  to  life.  Following  surgical  procedures, 
the  function  of  the  organ  is  usually  improved  where  the  hear- 
ing is  considerably  impaired  before  the  operation.  Whtrc 
the  hearing  is  but  slightly  impaired  we  need  not  fear  that  it 
will  be  reduced  by  the  operative  measures  proposed-  Lude- 
wig  *  reports  a  slight  impairment  of  the  hearing  as  a  result  of 
the  operation  in  six  cases  out  of  seventv-five  operated  upon. 
In  mvovvn  cases  but  one  instance  of  this  kind  has  occurred  in 
fifty  operations.  Impairment  of  the  function  more  frequently 
follows  the  cessation  of  the  discharge  from  treatment  with 
astringents  or  caustics  than  from  the  method  now  under  con- 
sidcratinn.  We  assume  here  thai  the  impairment  in  functiffli 
is  due  principally  to  the  intratympanic  lesion  and  not  to  any 
labyrinthine  involvement.  Extensive  involvement  of  Ihc  laby- 
rinth would  cuntraindicate  an  operation  for  the  improvement 
of  hearing  alone,  but  should  scarcely  stand  in  the  way  of  the 
procedure  for  the  relief  of  the  discharge.  The  relief  of  sub- 
jective noises  can  very  rarely  be  promised  from  any  fonn 
of  treatment,  although  where  the  mucous  membrane  is  very 
much  congested  we  should  hope  to  abate  their  intersitvas 
wc  reduce  the  turgcsccnce.  It  is  never  safe  to  promise  re- 
lief from  this  symptom  by  operative  measures.  On  the  other 
hand,  these  last-named  procedures  seldom  or  never  pnxiucc 
subjective  noises. 

The  changes  which  take  place  in  the  tympanic  mucous 
membrane  after  the  removal  of  the  ossicles  and  of  the  rem- 
nant of  the  mcmbrcina  tympani  vary  considerably  in  diScf- 
cnt  cases.  The  most  favorable  change  is  one  in  which  the 
raucous  membrane  gradually  undergoes  dermoid  trauiiof- 
malion.  If  this  occurs,  the  membrane  no  longer  secrete, 
and  the  patient  is  not  liable  to  recurrent  attacks  of  dis- 
charge from  the  ear  whenever  the  upper  air  tract  beoowrt 
acutely   inflamed.      In    children    this    transformation   takes 

*  Anh.  fUr  Ohreoheilk..  v«l.  uu,  p.  363. 
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place  only  after  a  long^  period,  but  in  ndults  wc  may  hope 
for  it  in  from  eight  to  ten  months  after  thi;  npcralion.  Cer- 
tain steps  at  the  time  of  the  operation  may  hasten  this  trans- 
formation. .  Thus,  if  a  small  segment  of  tfie  membrana  tyra- 
pani  is  allowed  to  remain  at  the  lower  part,  and  the  niucdus 
membrane  over  the  promontory  immediately  opposite  this 
segment  is  denuded  by  means  of  the  curette,  this  small  flap 
will  apply  itself  to  the  denuded  surface  and  rajjidly  become 
attached.  The  superficial  epithelium  spreads  over  the  wall 
of  the  middle  car,  transforming  it  into  a  nonsccrcting  sur- 
face. Where  the  mucous  membrane  remains  intact,  even  al- 
though our  procedure  may  have  stoj>ped  the  discharge  per- 
manently, wc  should  remember  that  any  severe  congestion  or 
inflammation  of  the  upper  air  tract,  such  as  a  severe  cold  in 
the  head,  may  produce  a  temporary  otorrhcea:  this  will  usu- 
ally subside  spontaneously  when  the  exciting  cause  has  dis- 
appeared.  In  order  that  this  may  happen,  the  canal  must  be 
kept  Iree  from  any  infection  while  the  discharge  lasts.  This 
end  may  be  attained  by  cleansing  the  canal  with  the  syringe 
twice  daily.  The  solution  to  be  employed  should  be  i>f  a 
mild  antiseptic  character.  A  solution  of  bichloride  of  mer- 
cury (1  to  8.000)  answers  the  purpose  admirably.  After  irri- 
gation the  patient  should  instil  a  few  drops  of  an  alcoholic 
solution  of  boric  acid  {gr.  xx  to  5j)  or  of  bichloride  of  mer- 
cury (I  to  J.ooo)  into  the  ear. 

If  the  discharge  is  but  slight  and  the  patient  is  seen  daily 
it  may  be  sufficient  to  dry  the  parts  thoroughly  with  coiluti 
and  then  apply  one  of  the  alcoholic  solutions  above  men- 
tioned to  the  walls  of  the  meatus  and  middle  car  with  the 
cotton  applicator.  If  these  measures  are  carefully  carried 
out  the  discharge  will  cease  in  a  few  days. 

A  condition  which  wc  may  sometimes  hfe  called  upon  to 
combat  by  operative  interference  is  where  this  dermoid  trans- 
formation takes  place  spoulaneou&ly  in  cases  wliich  have  not 
been  subjected  to  treatment.  Where  a  small  perforation  is 
present  in  the  upper  portion  of  the  drum  membrane  the 
epithelium  of  its  outer  surface  occasionally  grows  into  the 
tympanic  cavity,  where  it  proliferates,  lining  the  entire  vault 
with  epidermis.  Owing  to  the  increased  vascularity  of  the 
part,  this  new  lining  membrane  becomes  the  seal  of  a  des- 
quamative iiitlammalion,  superficial  cells  being  produced  and 
thrown  off  more  rapidly  than  under  normal  conditions.    The 
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cavity  becomes  filled  with  desquamated  epithelial  cells,  and  cer- 
tain changes  occur  as  ihe  result  of  pressure  from  this  slowl)' 
increasing  epithelial  mass.     The  bony  walls  of  the  cavity  are  ali- 
sorbed,  and  at  the  same  time  imdergo  consolidation  as  the  tmuIi 
of  chronic  osteitis.     An  acute  inllamniation  in  an  organ  thus 
affected  causes  a  sudden  atignicniation  in  the  volume  of  thii 
epithelial  mass,  and  increases  the  pressure  upon  the  surround- 
ing  walls.     Sometimes  tlic  process   is   so   insidious  that  the 
patient  may  not  be  cognizant  of  morbid  changes  in  the  ear  until 
tliese  symptoms,  due  to  the  sudden  change,  supervene,  and  lh« 
surgeon  may  first  be  consulted  when  operative  measures  al'nii' 
will  relieve  the  ease.     The  problem  which  we  have  to  soUc  in 
such  an  event  i.*!  whether  we  shall  relieve  tlie  symptoms  hy  m 
operniirtn  through  ihe  canal,  or  whether  it  is  necessary  to  open 
the   mastoid.      Exjjcrience   shows  ttiat   the   changes  may  be 
confined  to  Ihe  vault  of  the  tymiianiim.     In  recent  cases,  and 
where  no  marked  mastoid  symptoms  exist,  such  as  external 
tenderness,  pronounced  and  extensive  sinking  of  the  posterior 
wall  of  the  canal,  and  spontaneous  pain  over  the  mastoid.  I  am 
inclined    to   prefer    clearing  out    the    vault  of  the    tympanum 
through  the  canal  as  a  primary  procedure.     Frequently  this  is 
sufficient,  and  entire  relief  to  the  pressure  symptoms  follows, 
while  at  the  same  time  the  purulent  condition  is  permanently 
arrested.     When    the  process   has    invaded    the   mastoid,  any 
operalivc  procedure  must    not  only  remove  the  acauniilntion 
within  the  cells,  but  must  also  place  these  pneumatic  sjiaa-^  ^ 
comimiiiicalion  with  tltr  meatus,  in  order  that  subsequenl  trou- 
ble may  be  avoided.    From  the  nature  of  the  pathological  condi- 
tion it  may  be  practically  impossible  to  extirpate  every  vestigi'of 
the  lining  membrane  which  has  undergone  dermoid  transfottiia- 
tion,  and  a  recurrence  may  take  place.     It  is  our  duty  to  estab 
lish  a  condition  which  will  enable  any  subsequent  accumulation 
to  Ix*  rcmnvcd  without  a  severe  oi)CTation.     To  cflfect  this  the 
mastoid  is  oiK-ncd  in  tin;  usual  way,  and  the  cell  structure  oblit- 
erated, after  which  the  dividing  wall  between  the  artificial  oiwn- 
ing  and  the  meatus  is  taken  away,  throwing  the  mastoid  cells 
and  external  canal  into  one  cavity.    The  external  auditor)*  me- 
atus is  then  enlarged  by  a  plastic  operation,  which  will  be  more 
fully  descril)ed  under  The  Radical  Operation.     (See  page  546.) 
Any  subsequent  accumulation,  due  to  epithelial  proliferation, 
can  then  be  removed  directly  through  the  external  auditory 
canal. 
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This  procedure,  so  hastily  outlined,  is  applicable  not  only 

ases  of  this  des<niamative  iiiflamniatory  process,  known  as 
cholesteatoma,  hut  also  to  all  cases  of  chronic  middle-ear  sup- 
puration, in  which  the  bony  involvement  is  so  extensivc'as  to 
preclutle  the  ]X)ssil)ility  of  removal  of  all  diseased  Iwne  through 
the  external  auditory  canal.  The  operation  is  known  as 
the  Radical  operation,  and  is  sometimes  called  the  Stacke* 
Schwartze  operation,  the  technitjue  of  which  is  desaibed  on 
page  546.  The  results  obtained  from  this  ojKrration  in  chronic" 
otorrha-a  arc  exceedingly  satisfactory.  Out  of  270  casca 
operated  on  by  the  author  166  v^crc  cured,  in  thirty-three  there 
was  a  slight  <!ischarge  after  the  operation,  in  eight  a  mod- 
erate discharge  after  the  oiwration,  in  eight  the  discharge  con- 
tinued profuse  after  oiwration.  in  thirly-six  cases  the  result 
was  unknown,  and  twelve  cases  were  still  under  treatment. 
llicre  were  seven  deaths:  two  from  pneumonia,  two  from 
meningitis,  one  from  cerebral  abscess,  and  Iwu  from  cerebellar 
absces:^.  In  nunc  of  the  cases  could  death  be  attributeit  to  the 
operation. 

Of  thirty-six  cases  recorded  as  "unknown,"  it  is  probable, 
from  the  fact  tliat  these  did  not  report  that  the  result  was  satis- 
factory. 

Regarding  the  results  uiwn  the  hearing,  out  of  1 1 1  cases  in 
which  the  hearing  was  tested  before  and  after  operation,  in 
ninety-nine  the  hearing  was  good  after  operation,  in  nine  it 
was  fair,  and  in  only  three  cases  was  tile  hearing  worse  after 
operation  than  before.* 

We  have  limited  ourselves  to  local  measures  in  considering 
the  treatment.  In  patients  of  a  lymphatic  habit,  jjarticularly  in 
children,  much  benefit  will  be  gained  by  the  internal  administra- 
tion of  iodide  of  iron  in  full  doses.  Where  eviilences  of  mal- 
nutrition exist  as  the  result  of  some  tuTcdiuiry  diathesis,  the 
exhibition  of  cotl-liver  oil  and  of  the  hyjKjphosphites  will  be 
found  beneficial.  In  the  adult  attention  should  be  given  to 
rcgidating  the  habits  of  life  so  as  to  diminish  the  tendency  to 
congestion  in  the  upper  air  tract  as  much  as  jwssiblc.  The 
use  of  alcohol,  and  in  certain  cases  of  tobacco,  is  particularly  to 
be  interdicted,  although  the  influence  of  the  latter  is  compara- 
tively slight. 

•  The  above  statiftticn  sppcarcd  in  the  fmirth  ivljtion  of  this  work  puhltshwl 
in  1909.  Since  that  time  536  cases  have  Iwn  subJKtml  to  this  opfration.  and 
the  T«ulU  have  b«-ti  irvcn  nujsv  •audioitary  lliaa  tliose  nven  (il>ove.  Diii  is 
IMLnicnilurly  tnteasturuimpruveuicnlitilhcfunctumuf  i£c  urctui  is  ujuvcitiqcI. 
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Bv  tins  terra  we  designate  that  class  of  cases  in  which  a 
former  purulent  inflammation  has  resulted  in  a  permanent 
dcstruclion  of  certain  of  ihc  tympanic  structures.  Either 
spontaneously  or  as  the  result  of  treatment,  the  discharge  has 
ceas«l,  and  we  are  called  upon  to  relieve  symptoms  due 
cither  to  the  adhesions  which  have  developed  within  ihc 
tympanum  or  to  certain  changes  which  have  resulted  from 
Ihc  purulent  iiiflanimalion.  For  convenience  we  divide  these 
cases  into  two  classes : 

1.  Where  the  symptoms  are  acute  or  subacute. 

2.  Where  the  symptoms  are  of  a  chronic  character. 


1.  Acute  Cases. 


i 


Etiology. — The  underlying  cause  in  these  cases  is  evident 
from  the  title  applied.  As  an  exciting  cause  we  may  have 
any  of  those  operative  in  the  production  of  the  various  varie- 
ties of  acute  inflammation,  but  we  usually  find  an  acute  in- 
flammation of  the  upper  air  tract,  either  a  simple  coryza.  an 
acute  naso-pharyngitis,  or  an  influenza  of  the  epidemic  char- 
acter. Among  other  exciting  causes  we  must  bear  in  mind 
those  which  operate  through  the  external  meatus,  such  as  the 
insertion  of  any  device  into  the  canal  for  cleansing  the  ear, 
blows  upon  the  auricle,  and  the  development  within  the 
tympanum  of  some  of  the  vegetable  molds. 

Patliology. — The  changes  which  take  place  vary  widely 
according  to  the  condition  in  which  the  previous  inflamma- 
tory process  has  left  the  parts.  Cases  Hi  which  the  mem- 
brana  tympanj  has  been  almost  completely  destroyed,  expos- 
ing a  large  area  of  the  inner  wall  of  the  middle  car.  present 
generally  a  simple  venous  hyperemia  of  this  membrane,  re- 
sulting in  oedema,  and  subsequently  in  serous  transudation. 
The  condition  found  here  is  similar  to  that  described  under 
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acute  catarrhal  otitis  media,  or  tubo-tynipanic  congestion  oc- 
curring in  an  organ  in  which  the  membrana  tympani  is  in- 
tact. In  the  cases  under  consideration  the  serous  transuda- 
tion, which  results  (rom  the  inflammatory  process,  a|>pcars  in 
the  external  auditory  meatus  as  a  discharge,  for  the  reason 
simply  that  the  opening  in  the  drum  membrane  allows  il  to 
escape  from  the  tympanic  cavity.  Where  the  membrana 
tympani  is  intact  the  same  transudation  collects  within  the 
middle  car.  It  is  a  matter  of  some  importance  to  remember 
this,  as  such  a  discharge  docs  not  become  purulent  unless 
infected  from  without.  If  the  external  meatus  is  kept  in  a 
thoroughly  aseptic  condition,  the  disease  is  selMimitcd  and 
the  discharge  ceases  spontaneously  at  the  end  of  a  few  days. 
On  the  other  hand,  if  infection  occur,  a  chronic  purulent 
otitis  may  result.  The  remaining  portion  of  the  membrana 
tympani  is  affected,  becoming  hyperBemic,  desquamating  if 
the  process  is  pronounced,  and  increasing  in  thickness. 
Where  the  upper  portion  of  the  drum  membrane  remains, 
and  the  inlratympanic  folds  has  become  much  thickened 
by  the  development  of  new  connective  tissue,  these  lamella: 
increase  in  volume,  and  may  completely  till  the  vault.  If  this 
portion  of  the  cavity  is  completely  shut  off  from  Lhe  atrium 
the  subsequent  transudation  causes  a  bulging  of  lhe  mem- 
brana flaccida,  which  may  protrude  into  the  canal  so  as  to 
resemble  closely  a  mass  of  granulation  tissue.  From  the 
changes  which  have  t.-sken  pl.ncc  it  is  usually  so  dense  that  the 
fluid  inclosed  can  not  escape  by  spontaneous  rupture.  The 
case  then  presents  the  characteristics  of  a  primary  acute  pu- 
rulent inflammation  of  the  middle  ear,  with  the  exception 
that  the  osseous  walls  become  involved  more  quickly  than 
when  the  aflection  is  primary.  Destruction  either  of  some 
part  of  the  ossicular  chain  or  of  the  surrounding  tympanic 
walls  results,  and  with  a  subsidence  of  the  acute  symptoms  a 
chronic  purulent  otitis  remains.  When  chDlestcatomalous 
changes  have  taken  place  the  involvement  cither  of  the  mas- 
toid cells  or  of  the  cranial  cavity  itself  is  exceedingly  prone 
to  occur. 

Symptomatology. — In  the  cases  in  which  the  membrana 
tympani  is  destroyed  over  a  large  area,  the  symptoms  consist 
of  a  slight  impairment  of  the  hearing,  occasionally  with  the 
development  of  subjective  noises.  The  prominent  feature, 
however,  is  the  appearance  of   a   discharge  from   the  car. 
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This  class  of  cnses  occurs  most  frequently  in  chiUlren  n(  fmrti 
eight  to  twelve  years  of  age,  in  whom  the  chronic  puruitnt 
otitis  has  followed  one  of  the  exanthemata  in  early  life.  Pain 
is  not  a  prominent  symjiloni  as  a  rule,  and  were  il  no!  fnrlhc 
appearance  of  the  discharge  the  attack  would  probably  piss 
unnoiiccd.  Occasionally  wc  may  have  developed  in  the  ex- 
ternal canni  an  area  of  circumscribed  inflammation  due  lo 
local  infection  :  when  this  occurs  there  is  intense  p^iin,  In 
the  cases  in  which  the  upper  part  of  the  cavity  is  affected  the 
pain  is  severe,  prostration  well  marked,  the  temperature  is 
elevated  from  one  to  four  degrees,  and  there  may  be  no  dis- 
charge, or,  if  present,  il  is  usually  scanty.  The  [lain  maybe 
localized  in  the  ear  or  may  spread  (o  the  entire  temporal 
region. 

The  occurrence  of  facial  paralysis  very  early  in  the  attack 
is  not  infrequent.  The  function  of  the  organ  may  be  but 
slightly  impaired,  owing  to  the  location  of  the  aHected  area. 

Diagnosis. — The  result  of  fuiicticmat  examinulion  depends 
so  much  upon  the  previous  condition  that  it  need  not  be 
considered,  acute  symptoms  alone  demanding  attention. 

Physical  Examination. — Upon  inspection,  where  we  6nd 
that  the  destruction  of  the  drum  membrane  has  been  exten- 
sive, the  exposed  lining  of  the  tympanum  is  red,  velvety  in 
appearance,  and  coated  either  with  a,  colorless  watery  dis- 
charge, or,  at  a  later  period  this  is  opaque  in  chancier. 
The  remnant  of  the  drum  membrane  is  thickened,  turgesccnt. 
and  cedematous.  When  examined  before  the  process  is  far 
advanced,  it  may  present  a  dead-white  appearance,  owing  to 
a  necrosis  of  the  superficial  layer  of  its  cpiihcHum.  Removal 
of  this  epithelial  covering  reveals  a  turgidity  of  the  underlying 
parts.  Where  the  upper  segment  of  the  cavity  is  involved, 
the  remnant  of  the  drum  membrane  is  intensely  congestn). 
thickened,  and,  together  with  the  adjacent  canal  wall.  bulg« 
into  the  lumen  of  the  passage,  narrowing  the  fundus  to  so 
marked  a  degree  as  completely  to  fill  the  inner  exireiniiyof 
the  canal  in  some  cases  and  prevent  an  inspection  of  the  i^ 
gion  of  the  atrium.  This  obstructing  mass  may  be  movable 
upon  m:inipulalif)n  with  the  probe,  and  present  man}*  of  the 
characteristics  of  grrmutalicm  tissue-  Impact  with  the  probe 
shows  that  it  is  too  firm  and  dense  for  granulation  tissue,  it 
docs  not  bleed  easily  when  touched,  and,  although  movable. 
its  attachment  is  l)roa(l.     Careful  inspection  will  usually  d 
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able  us  to  make  out  that  its  surface  is  continuous  with  tbc 
supcro-postcriorcanal  wall,  thuscstablishing  itsidcntit^v.  The 
mass  is  exquisitely  tender  to  pressure.  Very  little  discharEc 
is  present,  but  the  surface  of  the  drum  membrane  and  the  ad- 
jacent walls  of  the  canal  are  the  seat  of  a  desquamative  pro- 
cess, and  upon  removing  the  epithelium,  considerable  serous 
transudation  may  take  place,  rendering  exact  diagnosis  diffi- 
cult. Inflation  with  the  catheter  or  air  bag  reveals  no  per- 
foration sound,  ihe  impact  of  the  current  being  perceived  as 
a  dull,  distant  percussion  sound,  occasionally  accompanied  by 
bubbling  rSlcs.  The  conditions  with  which  this  may  be  con- 
founded arc  the  ])resL'ncc  of  exuberant  granulations,  from 
which  we  have  already  given  the  means  of  differentiation,  and 
a  circumscribed  external  otitis.  This  latter  condition,  wc 
remember,  usually  affects  the  fibrocartilaginous  meatus,  and 
after  the  speculum  has  once  passed  the  orifice  of  the  canal, 
the  lumen  appears  of  norma!  size.  It  may  occasionally  be 
mistaken  for  a  diffuse  external  otitis,  but  here  the  canal  is 
uniformly  narrowed,  the  deeper  portion  of  the  postero-supe- 
rior  wall  being  affected  no  more  prominently  than  its  entire 
length.  Tenderness  over  the  mastoid  region  denotes  an  in- 
volvement of  the  pneumatic  spaces,  but  a  much  better  sign  is 
the  appearance  already  described  in  the  canal.  When,  there- 
fore, the  appearance  is  indicative  of  a  circumscribed  otitis  of 
the  deep  canal,  we  are  to  renicmber  that  this  condition  is 
almost  pathognomonic  of  mastoid  involvement,  and  arc  to 
proceed  to  treat  the  mastoid  inflammation  without  delay. 

Prognosis. — The  cases  in  which  discharge  alone  is  the 
symptom  almost  invariably  terminate  favorably,  often  without 
treatment.  If  neglected,  infection  may  take  place,  and  a 
chronic  purulent  condition  supervene.  The  occurrence  oi 
one  attack  probably  renders  the  patient  more  prone  to  a  simi- 
lar process  in  future.  In  the  cases  attended  by  pain  the 
condition  is  practically  one  of  cellulitis,  and  should  never  be 
considered  lightly.  If  left  to  itself,  it  may  resolve  spontane* 
ously,  or  the  fluid  may  escape  into  the  atrium  and  then  into 
the  canal,  or  rupture  may  take  place  through  the  superior 
segment  of  the  drum  membrane.  If  spontaneous  resolution 
docs  not  take  place,  evacuation  in  cither  manner  mentioned 
above  seldom  occurs  before  the  bony  parts  are  seriously  in- 
volved, and  a  permanent  discharge  is  a  frequent  outcome. 
II  discharge  does  not  take  place,  involvement  of  the  mastoid 


I 


430  OTITIS  MEDIA   PURULENTA   RE9DUA. 

cells  or  an  extension  to  the  intracranial  contents,  either  by 
rupture  or  by  infection  through  the  venous  channels,  may 
occur.  Concerning  the  effect  upon  audition,  there  is  little 
danger  thai  the  function  of  the  organ  will  be  changed  by  such 
an  intercurrent  attack,  the  degree  of  impairment  which  was 
formerly  present  persisting  but  suffering  no  aggravation. 

Treatment. — For  the  relief  of  the  dLscharge,  attention  ti) 
cleanliness  is  all  that  is  necessary.  Irrigation  with  a  mild 
solution  of  any  of  the  well-known  antiseptics,  rcjicated  as 
frequently  as  may  be  necessary  to  keep  the  canal  free  of  dis- 
charge, is  usually  the  only  treatment  required.  This  measure, 
in  addition  to  cleansing  the  parts,  causes  a  certain  amount  o( 
depletion,  which  hastens  resolution,  tn  order  that  no  secre- 
tion may  remain  in  the  middle  ear,  it  is  well  to  infbte  by 
means  of  the  air  bag  or  by  the  Valsalva  method  Iwfore  irrigi. 
tion.  In  the  early  stages  remedies  directed  toward  stopping 
the  discharge  arc  contraiiidicated.  When  the  more  aculc 
symptoms  have  passed  away,  if  the  discharge  continues,  wc 
may  follow  each  irrigation  by  the  instillation  of  a  solution  of 
boric  acid  in  alcohol  in  the  proportion  of  twenty  grains  to 
the  ounce,  or  a  i-to-3.000  solution  of  the  bichloride  of  mercury 
dissolved  in  equal  parts  of  alcohol,  and  water  may  be  em- 
ployed in  the  same  manner.  Occasional  applications  ol  me- 
tallic astringents — such  as  solutions  of  nitrate  of  silver.  Irom 
two  to  twelve  per  cent — will  frequently  hasten  the  return  to 
the  normal  condition.  Where  the  discharge  is  small  in 
amount  but  fails  to  ce;isc  entirely,  we  may  discontinue  irri. 
galion  altogether  and  rely  upon  insufflation  of  powders.  CM 
these,  notltiiig  is  better  than  boric  acid,  either  alone  or  with 
the  addition  of  iodoform,  alum,  iodol.  etc.  In  making  appli- 
cations of  this  character,  but  a  small  quantity  of  the  ponrder 
should  be  used,  to  avoid  mechanical  obstruction  to  any  fluid 
which  may  be  transuded. 

If,  in  spite  of  intelligent  treatment,  the  dischat^e  contin- 
ues, we  are  warranted  in  the  supposition  that  the  osseous 
structures  have  become  involved,  and  relief  will  follow  only 
the  removal  of  the  diseased  bone.  To  guard  agamst  recur- 
rent attacks,  attention  to  the  upper  air  passages  is  of  the 
greatest  importance.  These  recurrent  cases  usually  occurin 
children  under  fifteen  years  of  age,  and  in  many  instances  wc 
find  that  the  vault  of  the  pharynx  contains  an  excessive 
amount  of   lymphatic  tissue,  while  the  faucial  tonsils  may 
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also  be  hypcrtrophicd.  These  conditions  call  for  operative 
trealmcnt,  or  topical  applications,  as  may  seem  best  adapted 
to  ttie  particular  case.  An;  obstructive  lesion  in  the  nasal 
passages  must  also  be  overcome  by  operative  or  other 
methods. 

Where  the  upper  portion  o(  the  tympanic  cavity  is  the 
scat  o(  the  [irocess,  the  first  indication  is  to  relieve  the  pain, 
and  at  the  same  time  to  abort  the  local  condition;  or,  if  too 
far  advanced  for  this,  to  evacuate  the  products  of  inflamma- 
tion. To  effect  the  6rst  object,  the  patient  should  be  put  to 
bed  and  a  full  dose  of  opium  or  morphine  administered,  while 
at  the  same  time  local  depletion  should  be  employed.  Un- 
doubtedly  the  best  methud  of  attaining  this  end  is  a  free  in- 
cision through  the  upper  part  of  the  mcmbrana  tympani 
behind  the  short  proccs.s  o(  the  malleus.  This  incision  should 
extend  from  the  tast-namcd  puint  backward  to  the  canal  watt, 
and  may  be  continued  outward  upon  its  surface  for  from  a 
sixteenth  to  a  quarter  of  an  inch;  this  I  believe  should  be 
done  whether  any  bulging  is  present  or  not.  If  fluid  has  al- 
ready been  effused  and  there  arc  evidences  of  obstruction  lo 
its  free  discharge,  the  procedure  is  imperatively  demanded. 
If  this  stage  has  not  been  reached,  the  local  depletion  will 
probably  check  its  progress.  If  it  does  not  seem  advisable 
to  incise  the  parts,  the  apiilicalioii  of  natural  leeches  or  of 
the  artificial  leech  in  (remt  of  the  tragus,  removing  from  one 
to  two  ounces  of  blood,  according  to  the  age  and  condition 
of  the  patient,  is  the  procedure  to  be  employed.  The  appli- 
cation of  cold  to  the  mastoid  is  proper  if  there  is  the  least 
suggestion  of  swelling  along  the  posterior  wall  of  the  canal; 
irrigation  of  the  parts  with  warm  aseptic  or  antiseptic  solu- 
tions should  be  begun  at  once,  whether  an  incision  has  been 
made  or  not.  If  this  has  been  done  it  will  favor  the  hsemor* 
rbage  and  render  our  efforts  at  aborting  the  attack  more  cer- 
tain, while  if  no  surgical  measures  have  been  instituted  the 
combined  effect  of  heat  and  moisture  may  so  reduce  the 
tumefaction  as  to  permit  the  discharge  of  the  Huid  products 
through  the  atrium,  or  may  possibly  lead  to  resolution  with- 
out  the  supervention  of  discharge.  The  internal  adminis- 
tration of  analgesics  is  contraindicated  after  the  first  twenty, 
four  or  thirty-six  hours,  as  it  serves  only  to  mask  the  symp- 
toms. If  relief  is  not  obtained  at  the  end  of  this  time,  and 
surgical  measures  have  been  delayed,  ihcy  must  now  be  in- 


432 


OTITIS  MEDIA    PURULENTA    RESIDUA. 


sistcd  upon,  and  a  free  section  of  the  tissues  involved  must 
be  made.  The  use  of  the  ice  coil  should  not  be  persisted  in 
(or  more  th:in  forty^iight  hours;  if,  in  spite  of  its  use,  ibe 
pain  continues  severe  and  the  mastoid  is  tender  upon  pres- 
sure, or  even  if  there  is  no  tenderness,  i(  the  postero-superiur 
wall  is  depressed,  the  process  has  almost  certainly  extended 
to  the  pneumatic  spaces  of  this  structure,  and  operation 
should  not  be  delayed.  Regarding  the  value  of  Wilde's  ia 
cisiun  in  these  cases.  [  can  only  say  that  I  never  employ  the 
measure.  If  the  symptoms  do  not  seem  prominent  enough 
to  warrant  the  opening  of  Ihc  mastoid,  incision  of  the  over- 
lying parts  on  its  anterior  surface,  which  forms  the  posterior 
and  superior  walls  of  the  meatus,  is  the  measure  which  will 
most  pi-obably  give  relief.  It  certainty  possesses  all  the  bene. 
fits  of  the  external  Incision,  both  as  regards  the  relief  of  ten- 
sion and  depletion,  and  may  very  properly  be  employed  as  a 
last  resort  before  opening  the  mastoid  process.  In  this  cb&s 
of  cases  I  think  we  can  not  too  strongly  insist  upon  an  early 
mastoid  operation  if  the  symptoms  do  not  disappear  promptlv. 
The  advantages  of  this  arc  not  only  the  immediate  relief  to 
the  present  condition,  but  also  the  certainly  with  which  a 
subsequent  chronic  purulent  otitis  media  is  prevented.  Un- 
less checked  by  radical  measures,  the  aflcction  is  almost  cer 
tain  to  be  followed  by  a  chronic  otorrhaca,  although  the  pres- 
ent attack  may  be  recovered  from.  Where  an  operation  is 
performed  early  we  usually  avoid  this,  and  the  period  of  con- 
valescence is  much  shortened.  .Another  advantage  is  that 
recurrence  is  decidedly  uncommon  in  cases  operate<J  upon, 
whereas  those  cases  which  recover  without  operation  are 
specially  prone  to  recurrence  of  the  condition.  Operations 
to  obtain  drainage  through  the  meatus  cannot  be  advised; 
no  doubt  in  some  instances  they  are  succesjiful,  but  the  ciif 
gorgcmcnt  of  the  parts  is  so  great  that  the  ha-morrhagc  roust 
be  considerable,  and  in  the  narrow  field  of  operation  this  pre- 
sents an  almost  insurmountable  obstacle. 


2.  Chronic  Tvpe. 


Under  this  term  is  comprised  those  cases  whose  symp- 
toms depend  upon  the  changes  which  have  taken  place  as  the 
result  of  persistent  inflammation.  These  either  remain  coht 
slant  or  increase  very  slowly,  according  as  the  connective 
tissue  developed  as  a  result  ol  the  pathological  condition  i$ 
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in  a  perfectly  quiescent  condition,  or  is  slowly  undergoing 
secondary  sclerotic  changes.  The  condition  is  comprised 
under  the  general  term  "  rigidity  of  the  ossicular  chain,"  and 
the  affection  is  by  some  authors  denominated  as  "  otitis  media 
sclerotica."  Owing  to  the  increase  in  fibrous  tissue  within 
the  middle  ear,  the  entire  ossicular  chain  is  carried  inward 
toward  the  internal  wall;  the  foot  plate  of  the  stapes  is 
crowded  into  the  oval  window,  causing  an  increase  in  laby- 
rinthiuc  pressure,  while  at  the  same  time  the  outward  move- 
ment of  the  mcmbrana  t3'mpani  sccondaria  is  impeded 
through  a  process  ol  a  similar  character  in  this  region.  We 
have,  then,  the  labjTinthinc  fluid  subjected  to  a  permanent 
increase  in  pressure.  No  doubt  the  equilibrium  is  partially 
restored  by  the  passage  of  the  fluid  through  the  channels 
communicating  with  the  subdural  lymph  spaces.  Where  the 
increase  of  pressure  is  but  moderate  in  amount  this  may  so 
far  compensate  for  the  inward  movement  of  the  stapes  as  to 
render  the  condition  of  equilibrium  practically  perfect,  in 
which  case  no  symptoms  arise.  More  frequently  the  in- 
creased tension  i>ersists,  producing  in  the  early  stages  the 
symptoms  characteristic  of  acute  labyrinthine  pressure,  while 
at  a  later  period  evidences  of  atrophy  of  the  terminal  fila- 
ments of  the  auditory  nerve  manifest  themselves,  the  con- 
tinued pressure  destroying  these  structures. 

Pathology. — Following  the  same  general  classification  of 
gross  pathological  appearances  already  described  in  treating 
of  chronic  purulent  otitis  media,  it  is  not  diflicult  to  under- 
stand how  in  each  individual  class  the  action  of  the  conduct- 
ing  chain  in  response  to  aCrial  vibrations  is  seriously  inter- 
fered with.  VVe  may  classify  the  interference  with  sound 
transtnission  in  these  cases  as  due  to — 

1.  Simple  oedema  of  the  mucous  membrane. 

2.  The  presence  of  localized  areas  of  hypertrophy  due  to 
chronic  inflammation. 

3.  Adhesions  either  between  the  various  members  of  the 
'ossicular  chain  or  between  the  malleus  and  incus  and  the  in- 
ternal tvmpanic  wall. 

4.  Cicatricial  bands  in  the  membrana  tympani.  The  mem- 
brana  tympani  itself  may,  as  the  result  of  a  chronic  inflam- 
mation, press  the  entire  ossicular  chain  inward.  This  is  spe- 
cialty true  of  cases  in  which  a  large  portion  of  the  membrane 
has  been  destroyed  and  the  margin  of  the  perforation  coin- 
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cides  with  the  posterior  fold.  A  dense  band  frequently  d^ 
velo|>s  here,  which  crowds  cither  the  stapes  or  incus  inward, 
causing  serious  impairment  of  function. 

5  Adhesions  limited  to  the  region  of  the  stapes.  These 
adhesions  develop  either  between  the  foot  plate  and  the  oval 
window,  or  between  the  crura  and  the  walls  of  the  pelvis 
ovalis,  or  from  dense  bands  about  the  tendon  oi  the  stapedius 
muscle. 

This  classification,  it  is  understood,  is  merely  general:  any 
of  the  conditions  may  exist  singly,  or  several  may  be  pres- 
ent in  the  same  case.  Tn  general  it  may  be  said  that  the  im. 
pairmeni  in  Hearing  and  tinnitus  undergo  but  little  chaise 
in  those  cases  where  the  functional  disturbance  is  due  to  a 
deposit  of  new  connective  tissue  cither  in  the  remnant  of  the 
mcmbrana  tympani  or  between  the  various  ossicula  ihecn- 
selves,  or  between  the  ossicles  and  the  tympanic  walls. 
Where  ihe  drum  membrane  is  destroyed  over  a  lar^c  area 
and  the  lining  of  the  tympanic  cavity  is  exposed,  the  power 
of  audition  frequently  varies  considerably  at  different  times. 
Such  changes  usually  depend  upon  congestion  of  the  lining 
of  the  middle  ear,  or  upon  an  accumulation  of  inspissated 
secretion  in  the  deeper  portions  of  the   canal.     In  many  of 

these  cases,  although  there  k 
apparently  no  discharge,  the  mu- 
cous menibninc  has  not  under- 
gone complete  dermoid  Iraiis- 
formation,  and  consequent!) 
continues  tn  pour  out  a  small 
amount  of  secretion.  This  bfr 
comes  inspissated  and  collects 
most  frequently  in  the  upper 
and  posterior  quadrant  directh 
over  the  stapes,  and  sometime* 
seriously  interferes  with  itit 
movements  of  the  ossicle  (Tig- 
115).  Those  cases  which  suSo 
from  frequently  recurring  at- 
tacks of  congestion  of  the  linirg 
membrane  of  the  middle  cif 
with  the  production  of  a  slight  amount  of  discharge  arc  proof 
to  suffer  from  the  development  of  exuberant  granulations  i" 
the  various  portions  of  the  tympanic  cavity.    This  is  partic* 


Fl'i.  I  i;.-'Iniptsalc(l  secretion  mUed 
with  Mnimfii,  covering  1  small 
|>«rroniIion  in  the  supcra-]ia£{eniDi 
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larly  true  where  proper  attention  is  not  paid  to  clcantincss, 
the  continued  action  of  heat  and  moisture  favoring  the  devel- 
opment ol  exuberant  granulations. 

■■  Symptomatology. — The  symptoms  to  which  these  changes 
give  rise  consist  usually  in  an  impairment  of  (unctton  of  the 
organ,  either  to  a  considerable  extent  or  only  to  a  slight  de- 
gree. As  wc  have  said  before,  impairment  in  hearing  follow, 
ing  purulent  inflammation  is  less  marked  than  %vheii  it  occurs 
as  the  result  of  a  nonsuppurative  inflammation.  The  pres- 
ence of  subjective  noises  is  not  a  symptom  of  as  much  im- 
portance in  these  cases,  as  they  are  seldom  so  prominent  as 
to  give  seriou.s  discomfort,  and  unless  specially  inquired  into 
may  not  be  mentioned  by  the  patient  himself.  Attacks  of 
giddiness  are  occasionally  complained  of,  usually  following 
some  manipulation  about  the  ear.  such  as  the  insertion  of 
some  instrument  into  the  canal  for  cleansing  it,  or  the  use  of 
the  syringe.  In  these  instances  we  usually  find  that  the  head 
of  the  stapes  is  exposed.  From  the  above  classification  of 
the  affection  wc  arc  now  considering  no  discharge  is  present 
in  these  cases.  The  canal,  however,  is  seldom  perfectly  free 
from  foreign  material.  The  exposed  mucous  membrane  ex- 
foliates its  superficial  epithelium,  which  accumulates  within 
the  meatus,  or  adheres  to  the  walls  as  thin  yellowish-white 
or  brownish  scales.  These  masses  frequently  adhere  quite 
firmly  to  the  walls  of  the  meatus,  and  upon  separating  them 
a  denuded  area  remains.  The  presence  of  this  desquamated 
material,  together  with  the  moisture  norm.illy  present  in  the 
canal,  favors  the  development  of  the  various  forms  of  aspcr- 
giltus.  causing  a  slight  discharge,  or  in  severe  cases  an  acute 
external  otitis,  with  the  attendant  sym])toms  of  pain,  etc. 
The  hearing  is  usually  fairly  constant,  any  variation  from 
this  condition  being  coincident  with  congestive  changes  in 
the  upper  air  passages,  as  when  the  individual  suffers  from 

^^n  acute  coryza  or  from  an  acute  naso-pharyngitis. 

^b  The  development  of  cholesteatoma  may  manifest  itself  in 
cases  which  have  remained  quiescent  for  a  long  period,  in 
ccrlatn  c:iscs  the  superficial  epithelium  of  the  canal  migrates 
into  the  tympanic  cavity  and  replaces  the  pavement  epithelium 
ol  the  mucous  membrane.  These  epidermal  cells  arc  devel- 
oped with  unusual  rapidity  and  as  quickly  thrown  off.  As 
the  result,  the  tympanum  is  filled  with  a  mass  of  epithelial 
;lls  which  steadily  increases  in  size  and  exerts  great  pressure 
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upon  the  surrounding  bony  walls.  The  mastoid  ceils  at  a 
later  period  are  invaded.  Tlie  partitions  between  the  pneu- 
matic spaces  are  broken  down,  converting  this  series  of  small 
cavities  into  one  large  cavit)'. 

Such  a  mass  may  produce  no  distinctive  symptoms  aoiil 
the  tympanum  becomes  acutely  inflamed  from  some  cause, 
when  the  sudden  increase  in  volume  due  to  the  absorpiion 
of  the  products  of  the  inflammatory  process  induces  acute 
symptoms  referable  to  the  mastoid  or  middle  car. 

Where  a  suppurative  inflammation  has  existed  for  a  long 
time  a  condensing  osteitis  of  the  mastoid  not  uncommonlj 
occurs.  This  may  continue  after  suppuration  in  the  tym- 
panum has  ceased.  The  mastoid  then  becomes  the  scat  of  in- 
tense pain,  either  constant  or  paroxysmal,  while  neither  the 
mastoid  nor  middle  car  presents  any  evidence  of  acute  inflam- 
mation. The  possibility  of  such  a  process  should  always  be 
borne  in  mind  when  persistent  neuralgia  of  the  mastoid  region 
is  met  with  in  a  subject  who  has  suffered  from  a  purulent 
otitis  at  any  previous  period. 

In  this  connection  it  might  be  mentioned  thai  in  any  case 
of  persistent  facial  neuralgia  of  obscure  origin  the  car  should 
always  be  examined.  I  have  found  in  cases  coming  under 
observatiim  for  some  aural  aflcxtion,  that  frequently  the  treat- 
ment of  the  ear  has  arrested  the  attack  of  facial  ncuralgii.  and 
the  patients  have  of  their  own  accord  asseverated  the  facts, 

It  should  be  remembered  that  a  suppurative  inflammation 
in  early  infancy  may  leave  no  evidence  in  adult  life  except  a 
minute  pit  or  opening  above  the  short  process  of  the  mallcut 
In  these  cases  in  particular  the  remains  of  the  former  .iffec- 
tion  may  produce  the  symptoms  in  question. 

Diagnosis. — A.  Physicnl  Examination. — The  condition,  as 
revealed  by  an  examination  of  the  parts,  is  ol  but  little  senn 
ice  in  estimating  the  degree  of  impairment  of  hearing,  « 
the  relation  between  this  impairment  and  the  trouble  present 
in  the  middle  car.  U  is  only  by  a  thorough  functional  exami- 
nation in  connection  with  minute  ocular  inspection  thai  w< 
can  correctly  judge  as  to  how  much  of  the  interference  with 
function  depends  upon  the  changes  within  the  tympanum,  as 
distinguished  from  that  caused  by  the  labyrinthine  involv^ 
mem. 

B.  Functional  £xaminafi(fn. — Where  the  middle  car  aloae 
is  affected,  the  examination  by  means  of  musical  tones  and 
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the  ordinary  tests  for  hearing  yields  results  cliaracteristic  of 
obstruction  to  sound  condiiclion.  These  arc  elevation  o(  the 
lower  tone  limit,  very  slight  lowering  of  the  upper  tone  limit, 
or  no  deviation  from  the  normal  standard,  increased  bone 
conduction,  and.  if  oneside  alone  is  affected,  a  lateralization  to 
the  affected  side  oi  the  vibrating  tuning  fork  held  upon  the 
Jorehead  in  the  median  line.  Moreover,  the  impairment  is 
usually  relatively  greater  for  the  voice  than  for  sharp  sounds, 
such  as  those  of  the  watch  or  acoumcter.  The  degree  ol 
impairment  lor  spoken  or  whispered  words  is  proportionate 
to  the  height,  in  the  musical  scale,  to  which  the  relative  dura- 
tion  of  air  and  bone  condticlion  is  reversed,  the  inversion 
extending  to  the  upper  notes  when  the  degree  of  impairment 
is  marked,  but  affecting  only  the  lower  portion  of  the  scale 
when  this  impairment  is  but  moderate. 

When  the  labyrinth  has  become  involved  we  have,  in  ad- 
dition to  the  evidences  of  interference  with  sound  conduction, 
certain  signs  characteristic  of  changes  in  the  lower  portion  of 
the  cochlea.  The  upper  tone  limit  is  almost  invariably  low- 
ered to  a  marked  extent,  usually  below  20,000  V.  D.  Where 
the  elevation  of  the  lower  tone  limit  remains  the  same  as  in 
uncomplicated  cases,  absolute  bone  conduction  is  usually 
diminished,  and  this  is  always  the  case  when  serious  labyrin- 
thine  involvement  is  present.  Occasionally  it  may  be  normal 
or  increased.  The  tuning  fork  held  upon  the  vertex  is  sel. 
dom  lateratized  to  the  poorer  ear.  The  important  diagnostic 
test  is  an  observation  of  the  relation  between  the  impairment 
for  whispered  or  spoken  words  and  the  position  in  the  musi. 
cal  scale  at  which  the  reversal  between  air  and  bone  conduc- 
tion ceases.  It  will  be  found  that  where  impairment  is  due 
chiefly  to  labyrinthine  changes  the  impairment  of  hearing 
will  be  very  marked,  while  the  ratio  between  air  and  bone 
conduction  will  be  reversed  only  for  the  very  lowest  notes. 
In  such  instances,  even  if  the  abnormal  tension  in  the  sound- 
conducttng  mechanism  can  be  corrected,  sufficient  changes 
have  taken  place  in  the  perceptive  apparatus  to  render  these 
measures  of  hut  little  value  in  improving  the  hearing. 

Prognosis. — The  disease  under  discussion  is  usually  more 
amenable  to  treatment  than  any  other  form  of  chronic  tym- 
panic inflammation.  If  left  to  itself,  the  majority  of  cases 
either  do  not  progress  at  all,  or  deterioration  is  so  slow  as  to 
enable  us  to  promise  that  it  will  cause  but  little  increased  in- 
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convenience  in  the  future.  A  certain  proportion  of  these 
cases  improve  spontaneously.  This  is  particularly  true  ia 
children  or  young  .idults,  the  continued  massag^c  of  the  parts 
by  the  sonorous  vibrations  to  which  they  arc  subjected 
gradually  stretching-  the  adhesions  or  causing  their  resorp- 
tion. After  the  age  o(  thirty  or  thirty-five  this  probabIync»«r 
takes  place  spontaneously.  After  proper  treatment  the  con- 
dition seldom  recurs,  and  any  improvement  is  likely  to  be 
permanent,  it  being  more  probable  that  the  condition  will 
even  improve  in  subsequent  years.  The  degree  of  impr9Te- 
mt-nt  ti)  be  ;ittaini;d  depends  more  upon  the  degree  of  laby- 
rinthine involvement  than  upon  any  other  one  circumstana:. 
If  this  is  considerable,  measures  directed  toward  the  middle 
car  probably  aggravate  the  condition  rather  than  benefit  it. 
This  is  specially  true  oi  surgical  measures.  Certain  cases 
come  under  observation  on  account  o(  a  sudden  impairtnent 
of  audition,  and  examination  may  reveal  serious  interference 
with  the  labyrinth.  Where  these  changes  are  recent,  meas- 
ures directed  to  the  middle  ear  arc  not  contratndicated,  sin« 
the  disturbance  within  the  labyrinth  may  depend  upon  some 
recent  change  in  the  sound-conducting  mechanism  which  has 
not  advanced  to  such  an  extent  as  to  render  the  removal  ot 
the  cause  ineffectual  in  relieving  the  condition. 

Treatment. — Where  the  symptoms  depend  upon  swelUng 
of  the  mucous  membrane,  measures  directed  toward  the  regu- 
lation of  the  habits  of  life  especially  arc  among  the  first  indi- 
cations. Next,  the  condition  of  the  upper  air  passages  should 
be  thoroughly  investigated  and  any  obstructive  condition 
corrected.  This  is  particularly  true  where  functional  exami- 
nation indicates  labyrinthine  interference,  on  account  of  the 
intimate  relation  between  the  venous  return  current  from  the 
labyrinth  and  that  from  the  nasal  passages.  If  these  meas- 
1  ures  are  not  successful,  topical   applications   to  the  lining 

membrane  of  the  middle  e.ir  are  to  be  instituted-  These 
should  be  of  mildly  astringent  character  at  first,  the  strength 
being  increased  if  necessary,  ll  is  interesting  in  this  connec- 
tion to  remark  that  although  the  membrana  lympani  maybe 
almost  completely  destroyed,  a  restoration  of  the  lumen  oi 
the  Eustachian  tube  to  its  normal  calibre  will  frequently  (*• 
licve  the  symptoms.  This  depends,  no  doubt,  upon  the  i» 
moval  of  obstruction  to  the  venous  return  current  from  ^ 
tympanum.    The  condition  within  the  Eustachian  tube  either 
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may  yield  to  simple  inflation  or  may  demand  the  use  of  some 
slimulaling  vapors,  and  in  the  more  severe  cases  it  may  be 
necessary  to  resort  to  the  bougie. 

We  should  never  lose  sight  ol  one  (act,  and  that  is  the  ex- 
treme susceptibility  o(  these  cases  to  the  development  of  one 
of  the  vegetable  molds.  This  may  keep  up  a  chronic  conges- 
tion of  the  lining  membrane  of  the  middle  ear  in  spite  of  the 
treatment  already  mentioned,  and  we  should  always  be  ccr- 
tain  that  the  meatus  is  in  a  fairJy  asteptic  condition  in  order 
that  this  facttir  may  be  eliminated.  Where  hypertrophic 
changes  are  mure  extensive  and  small  aggregations  of  newly. 
ffwmcd  tissue  arc  found  in  any  locality,  these  may  be  de- 
stroyed /«  situ  either  b^'  the  potential  cautery  or  by  chemical 
agents,  but  tliey  arc  seldom  large  enough  to  be  removed  by 
means  of  the  curette  or  snare.  Occasionally  a  small  crust 
will  develop  in  the  ujjpcr  postcrtof  quadrant,  directly  over 
the  region  of  the  oval  or  round  windows,  preventing  the 
transmission  of  ai-rial  vibrations  to  the  labyrinthine  fluid- 
Such  an  obstruction  may  be  removed  by  the  forceps,  curette 
or  syringe,  as  seems  indicated  in  the  particular  case.  It 
should  be  remembered  that  the  removal  of  such  a  mass  may 
be  followed  by  a  recurrence  of  the  discharge,  and  it  is  wise 
to  mention  this  fact  to  the  patient  before  operating. 

Where  the  tense  margin  of  a  remnant  of  the  membrana 
tympani  displaces  the  ossicles  in  any  manner,  the  division 
of  the  fold  by  means  of  the  knife  is  frequently  followed  by  an 
astonishing  imjirovemcnl  in  function.  The  section  can  be 
made  under  cocaine  anaesthesia,  and  if  proper  aseptic  precau- 
tions arc  observed  in  preparing  the  field  of  operation,  the  pro- 
cedure is  followed  by  no  discomfort.  It  is  frequently  neces- 
sary to  repeat  the  section  several  times,  the  parts  reuniting 
after  division.  They  do  not,  however,  unite  throughout  the 
entire  length  of  the  incision,  and  by  repeating  the  procedure 
the  tension  is  gradually  relieved.  When  an  obstructing  band 
can  not  be  exactly  located  in  those  cases  where  the  entire 
ossicular  chain  remains,  and  other  measures  have  failed  to 
effect  the  desired  improvement,  it  is  wise  to  remove  the  re- 
mains ol  the  membrana  tympani,  together  with  the  two 
larger  ossicles,  thus  exposing  the  round  window  and  the 
stapes,  the  latter  ossicle  being  dealt  with  according  to  the 
condition  found  upon  inspection.  This  plan  is  advocated 
after  considerable  practical  experience  in  cases  uf  this  char* 
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acter;  and  although  relief  is  sometimes  obtained  by  dlvidit^ 
rather  blindly  various  constricting  bands  which  lie  beyond 
the  field  of  vision,  but  are  known  to  be  present  (rom  the  posi- 
tion which  the  ossicles  assume,  we  seldom  obtain  sufficient 
amelioration  to  be  satisfactory  either  to  the  surgeon  or  to  ihc 
patient,  and  at 'length  resort  to  the  more  complete  opera- 
tion  already  mentioned.  It  is  wise,  therefore,  to  make  this 
the  operation  rif  election,  and  to  eliminate  thoroughly  all 
interference  with  tension  in  the  conducting  chain  at  a  single 
operation. 

Where  the  stapes  is  exposed,  the  incudo-stapcdial  articiiJa- 
tion  having  been  destroyed,  several  plans  of  treatment  are 
open  to  us.  The  simplest  is  auto. mobilization,  by  inserting 
an  artificial  drum  membrane,  such  as  a  small  disk  of  ftaper  or 
a  small  pledget  of  cotton.  This  is  applied  with  the  forceps 
or  cotton  holder,  so  as  to  rest  upon  the  head  of  the  stapes,  and; 
by  increasing  the  surface  presented  for  the  reception  of  atrial 
vibrations,  causes  them  to  exert  a  more  powerful  force  upon 
the  stapes.  Decided  improvement  has  followed  this  plan  ia 
Several  cases.  Where  manipulation  by  means  of  the  probe 
shows  that  the  stapes  is  firmly  fixed,  it  is  well  to  break  up 
these  adhesions  by  manipulation,  the  knife  being  employed  to 
divide  the  more  dense  bands  if  necessary.  The  technique  of 
these  operations  will  be  described  in  a  chapter  devoted  to 
the  operative  surgery  of  the  middle  ear. 
r  .  Concerning  the  advisability  of  the  extraction  of  the  stapes 
good  results  have  been  obtained  in  these  residuary  cases.  It 
is  a  question  in  niy  mind,  however,  whether  we  can  not  obtain 
similar,  or  even  better,  results  by  leaving  the  stapes  in  place 
and  mobilizing  it  mechantciilly ;  for.  although  I  have  removed 
it  a  number  of  times  with  good  results.  I  have,  in  cases  pre- 
senting similar  symptoms  and  responding  in  the  same  manner 
to  functional  tests,  seen  no  improvement  whatever  follow  the 
operation.  If  the  entire  stapes  can  be  removed,  it  can  cer- 
tainly be  mobilized,  and  the  foot  plate  probably  transmits  the 
sonorous  waves  to  the  labyrinth  more  perfectly  than  does  the 
cicatricial  membrane  which  is  formed  after  its  removal. 
Where  ossification  at  the  stapedio-vesiibular  articulation  has 
taken  place,  the  removal  of  the  part  piecemeal  may  be  at- 
tempted. This  procedure  is  effected  cither  by  means  of  a 
sharp  spoon  or  by  a  small  burr,  which  wears  away  the  thin, 
bony  lamella  separating  the  labyrinth  from  the  tympanum. 


I 
I 

I 


h 


TREATMENT. 


441 


The  burr  should  be  conical  in  shape  and  so  guarded  as  to 
prevent  lis  cnlcnng  the  labyrinth  more  than  a  millimetre, 
when  the  foot  plate  is  perforated. 

Adhesions  about  the  round  window  can  seldom  be  seen, 
but  their  presence  may  be  suspected  when  the  niche  of  the 
fenestra  rotunda  is  surrounded  by  hypcrtrophied  mucous 
membrane.  Stellate  incision,  by  means  of  an  angular  knife 
inserted  into  the  niche,  will  relieve  tension  here,  and  is  fre- 
quently followed  by  improvement  in  connection  with  opera- 
tive procedures  about  the  oval  window.  Concerning  any 
aggravation  of  symptoms  which  surgical  measures  may  in- 
ducc,  I  can  only  say  that  their  occurrence  is  very  rare,  if  we 
bear  in  mind  the  rule  that  when  serious  labyrinthine  disturb- 
ance is  present  operative  measures  arc  contraindicatcd. 

Where  the  labyrinth  is  involved  the  internal  administra- 
tion of  pilocarpine  often  relieves  the  tension  and  is  followed 
by  an  amelioration  of  the  symptoms.  After  this  has  occurred, 
if  functional  examination  indicates  that  the  tympanic  lesion  is 
a  competent  cause  of  the  interference  with  function,  opera- 
tive measures  now  become  proper.  Where  the  residual  con. 
dition  is  present  in  but  one  ear,  the  effect  upon  the  orj^an  of 
the  opposite  side  is  always  to  be  btirne  in  mind.  If  the  oppo- 
site car  becomes  affected,  the  changes  first  met  with  are  usu- 
ally labyrinthine  in  character,  and  operative  measures  may  be 
indicated  for  the  preservation  <i(  the  sound  organ,  although  the 
ear  operated  upon  may  be  beyond  relief.  It  is  sometimes 
slated  that  interference  in  these  residuary  cases  may  be  fol- 
lowed by  a  recurrence  of  the  discharge,  but  it  has  never  been 
my  experience  to  witness  this.  A  discharge  from  an  car 
which  is  the  seat  of  a  residual  process  can  depend  only  upon 
the  presence  of  some  foreign  body;  and  no  operative  meas- 
ures, if  properly  carried  out,  would  lead  to  the  development 
of  this  condition— that  is,  to  the  development  of  bony  ne- 
crosis. 
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JUL  ANATOMY  OF  THE  MASTOID  PROCESS. 

In  considering  the  anatomv  of  the  car  a  detailed  descrip- 
tion of  the  mastoid  process  was  not  given,  it  seeming  wiser 
to  incur;) orate  the  necessary  details  in  the  section  on  Discatts 
of  the  Mastoid.  The  mastoid  portion  of  the  temporal  bone 
is  an  irregular  conical  mass  of  osseous  tissue  located  behind 
the  external  auditory  meatus  and  projecting  for  a  varying 
distance  below  the  level  of  its  floor,  lis  lower  extremity, 
forming  the  apex  of  the  cone,  is  covered  by  the  aponeurosis 

of  the  sterno-mastoid 
muscle.  This  muscle 
is  attached  not  only  lo 
the  tip  of  the  process 
but  also  for  a  consider- 
able distance  along  its 
internal  aspect.  Abort 
the  insertion  of  the 
muscle  upon  the  inter, 
nal  surface  of  the  mas- 
toid is  a  deep  furrow. 
the  digastric  groove, 
which  lodges  the  oc- 
cipilal  artery  and  furnishes  attachment  for  the  posterior  head 
of  the  digastric  muscle.  This  bony  mass  may  be  [mcumalic, 
diploic,  or  sclerotic  in  structure.  In  the  pneumatic  mastoid 
(Fig.  1 16)  there  arc  numerous  air  spaces  throughout  the  enlirt 
mass;  these  arc  irregularly  distributed,  in  some  cases  l\ing 
almost  immediately  below  the  cortex,  while  in  other  instances 
they  are  situated  at  considerable  depth  below  the  outer  sur- 
face of  the  bone  and  are  specially  numerous  upon  its  anterior 
aspect;  this  anterior  wall  of  the  mastoid  forms  the  posterior 
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FiO-  ii;.— DipluKc  muloid. 


v-all  of  the  external  auditory  canal,  and  wlien  (lie  cells  are 

well  ilcvclopetl  in  lliis  region  the  earliest  eviilaiccs  of  their 
involveineni  in  an  inflammatory  process  appears  here.  One 
pneumatic  space  is  constant,  and  that  is  the  antrum.  This  cav- 
ity is  irregularly  pyramidal  in  sha])e,  coininunicau-s  with  the 
tj-mpanic  vanll  by  a  narrow  paKs:ige,  and  varies  considerably 
in  size  in  different  individuals.  At  birth  the  antrimi  is  the 
only  space  developed,  ihc  others  being  formed  siilwequently. 
We  not  infrequently  find  a  scccmd  cell  of  considerable  size 
located  at  the  very  tip 
of  the  process;  Ihc  ont- 
cr  bony  wall  of  this 
space  is  often  very  thin 
— a  fact  which  is  of  con- 
siderable clinical  impor- 
tance. The  root  of  the 
zygoma  is  also  fre- 
quently found  exceed- 
ingly pneumatic. 

In  the  diploic  mas- 
toid the  antrum  alone  is  present,  the  remaining  portion  con- 
sisting of  diploic  tissue,  similar  to  that  found  in  the  other  cranial 
bones  (Fig.  1 17). 

Where  the  mastoid  is  sclerotic  the  entire  process  consists  o( 
a  dense  ebumatc<t  mass  of  osseous  tissue:  its  siructurc  is  uni- 
form throughout,  presenting  nut  even  the  slightest  vestige  of 
a  pneimiatic  siKice.  with  the  exception  of  the  antninj,  and  even 
this  may  be  of  small  size. 

Various  combinations  of  these  three  forms  may  be  met 
with  in  individual  cases:  thus  a  sclerotic  process  may  have 
progressed  to  a  certain  point  and  ceased  siKmt;ineous!y,  in  which 
event  the  trabeailae  will  be  firmer  than  normal  and  the  pneu- 
matic sjaces  of  small  size;  or  but  one  or  two  air  cells  may  exist, 
the  remaining  portion  being  diploic  in  structure. 

Owing  to  the  invariable  presence  of  the  mastoid  antrum, 
its  location  is  a  matter  of  im|>ortance.  h  is  best  located  by 
bearing  in  mind  its  relation  to  the  sui>erior  and  posterior  walls 
of  the  external  auditory  meatus.  If  two  lines  be  drawn — one 
horizontal,  tangent  to  the  superior  waif  of  the  external  audi- 
tory canal,  the  second  vertical  and  tangent  to  its  posterior 
wall — the  point  of  their  intersection  will  be  the  apex  of  a  tri- 
angle tlie  base  of  which  will  be  formed  by  that  portion  of  the 
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curvilinear  outline  of  the  meatus  included  between  the  points 
of  tangency  of  these  lines.     Tliis  triangle  lies  imraediateir 

c)V(;r  the  antrum  and  an 
artificial  opening  wtlhin 
this  space  will  enter  ibe 
cavily. 

Anuthcr  cell  which 
is  fairly  constant  is  that 
large  pneumatic  space 
located  at  the  tip  of  Ibe  ■ 
apophysis.  The  outer 
bony  wall  of  this  cavily 
on  the  digastric  surface 
of  the  mastoid  is  often 
thicker   than   |)arcb. 
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nicnt,atid  where  the  mas- 
toid is  the  scat  of  an  in- 
flammatory process  at- 
tended by  the  [ormation 
of  pus,  the  involvement  of  this  lar^c  space  may  be  5rst  evi- 
denced by  the  presence  ol  diffuse  tumefaction  near  the  mastoid 
origin  of  the  stcrno-mastoid  muscle,  either  on  the  external  sur- 
face or  more  usually  in  the  digastric  fossa,  in  which  case  Ibe 
tumefaction  lies  immediately  beneath  the  body  of  the  muscle. 

Tlie  relation  which  the  mas- 
toid bears  to  the  intracranial  ^ 
contents  is  of  importance  in  the 
performacicc  of  surgical  opera- 
lions  in  this  region.  The  to- 
pographical relations  between 
the  mastoid  and  the  tympanum 
and  cranial  foss^  are  best  con- 
sidered together,  since  operative 
procedures  upon  the  mastoid 
process  are  usually  demanded 
because  of  some  abnormal  con- 
dition  within  the  tympanum, 
and  this  cavity  is  al  ways  entered 
at  the  time  of  operation.  The 
roof  of  the  tympanum  is  formed  by  the  petrosquamous  suture 
and  Supports  the  tcmporo-sphcnoidal  lobe  of  the  cerebrum. 
The  vault  of  the  tympanum  and  mastoid  antrum,  then,  are  in 
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relation  above  to  the  middle  cranial  fossa ;  hence  any  product 
of  inflammation  passing  through  the  roof  of  the  tympanum 
enters  this  portion  of  the  cranial  cavity,  after  which  its  con- 
veyance along  the  superior  surface  of  the  petrovis  portion  of 
the  temporal  bone  to  the  region  of  the  medulla  is  exceedingly 
simple.  As  the  mastoid  antrum  is  but  an  extension  backward 
of  the  vault  of  the  tympanum,  its  intracranial  relations  are 
Che  same  as  are  those  of  the  tympanic  vault.  The  mastoid 
cells  are  also  in  relation  with  the  mcmngcs  of  the  posterior 
cerebral  and  the  cerebellar  fosstC.  In  cases  of  intracranial 
involvement  complicating  mastoid  inflammation,  the  process 
is  usually  confined  to  meninges  covering  the  posterior  cere- 
bral lobe  or  the  cerebellum.  When  extension  takes  place 
through  the  roof  of  the  tympanum  the  contents  of  the  middle 
cranial  fossa  is  usually  involved. 

The  internal  surfaceof  the  mastoid  process  prcsentsadeep 
groove  for  the  lodgment  of  the  lateral  sinus.  The  distance 
which  this  vessel  may  extend  into  the  mastoid  varies  in  indi- 
vidual cases ;  usually  it  lies  be- 
hind the  antrum,  and  in  some 
instances  the  bend  of  the  sinus 
is  so  sharp  that  the  acute  angle 
extends  forward  so  as  to  lie  but 
a  short  distance  behind  the  pos- 
terior wall  of  the  external  audi- 
tory meatus,  and  may  be  so  near 
the  surface  of  the  process  as  to 
cover  the  antrum  (sec  Fig.  120). 
It  is  evident  that  with  the  sinus 
in  this  position  an  artificial  open- 
ing into  the  antrum  could  not 
be  made  at  the  site  of  election 
for  entering  this  cavity  without 
exposing  or  wounding  this  large 
venous  channel.  In  I-'ig.  1 18  the  parts  are  so  placed  that  the 
sinus  is  in  no  danger,  while  in  Fig.  1 19  it  could  be  avoided 
with  care. 

An  examination  of  numerous  specimens  has  been  made 
by  both  KUrner  *  and  Randall  +  for  the  purpose  of  dctermin< 
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ing  whether  the  location  of  the  sinus  could  bo  positively 
cidcd  by  external  measurements  of  the  skuli.  These  rfr' 
searches  prove  conclusively  that  external  measurements  ate 
useless  in  determining  ihc  site  of  the  sinus.  This  vcnnus 
channel,  then,  bears  an  important  relation  lo  the  mastoid  pro. 
cess,  and  its  variable  situation  must  always  be  borne  in  mind 
in  operative  procedures.  VVhen,  for  any  reason,  it  sctrnis  ilc- 
sirablc  to  expose  the  sinus  during  an  operation,  it  can  be  done 
by  extending  the  opening  in  the  bone  backward,  care  being 
taken  to  avoid  the  removal  of  any  bone  beyond  the  occipato- 
temporal  suture.  The  groove  lodging  the  knee  of  the  sinui 
is  located  in  the  mastoid  process,  and  an  extension  of  theopen- 
ing  to  the  point  of  junction  between  the  ocdpital  and  temporal 
bones  affords  abundant  space  for  examination  of  the  sinus  u 
well  as  of  the  condition  of  the  posterior  cranial  fossa  both 
above  and  below  the  tentorium.  This  statement  regarding 
the  extensive  removal  of  bone  in  exposing  the  sinus  mar 
seem  unnecessary,  liul  where  the  patient  is  anaemic  the  ex- 
posed sinus  mny  be  ncaily  empty  and  its  walls  may  be  of  the 
same  col<>r  as  the  contiguous  meningeal  surface,  rendering  iOt 
recognition  difficult. 

From  the  presence  of  this  vessel  it  is  advisable  in  all  oper- 
ations upon  the  mastoid  first  to  remove  the  cortex  as  close  lo 
the  posterior  wall  of  the  canal  as  possible.  After  the  cells 
axe  entered  and  the  topography  of  the  particuhir  process  is 
ascertained,  the  opening  may  then  be  enlarged  as  much  as  is 
necessary,  but  the  cavity  should  always  be  entered  as 
to  this  line  as  possible. 

In  the  majority  of  cases  the  middle  cranial  fossa  lies  at  i 
considerably  higher  level  than  the  horizontal  plane  passing 
through  the  superior  wall  of  the  bony  meatus.  The  location 
of  the  floor  of  this  space  is  commonly  above  the  plane  pass- 
ing through  the  temporal  ridge,  this  last  term  being  applied 
to  the  prolongation  of  the  roof  of  the  zygoma  backward 
over  the  entrance  of  the  external  auditory  canal-  The  tfi* 
poral  ridge  was  (or  a  time  considered  the  upper  limit  of 
safety  tn  opening  the  mastoid  process.  Occasionally,  how- 
ever, we  meet  with  cases  in  which  the  squamous  portion  ol 
the  temporal  bone,  instead  of  lying  almost  vertical,  is  consid- 
erably inclined,  forming  an  acute  angle  with  the  horizonlal 
plane.  When  this  occurs  the  temporal  ridge  overhangs  Ih* 
entrance  to  the  meatus  (Fig.  123).     Unless  care  is  exercised, 
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ihc  superior  margin  of  the  canal  will  not  be  correctly  located, 
the  prominent  ridge  being  mistaken  lor  it.  It  will  easily  be 
seen  that  if  the  chisel  is  now  applied  over  what  seems  to  be 
the  area  ordinarily 
selected  for  perfo- 
rating the  cortex,  the 
opening  will  be  situ< 
ated  above  the  mas- 
toid antrum,  and  the 
middle  cranial  fossa 
will  be  entered.  Care 
should  be  taken, 
therefore,  to  rccog 
nize  this  anomaly, 
and  to  be  certain 
that  the  superior 
margin  of  the  canal 
is  realty  exposed  be< 
fore  the  bone  is  per- 
forated. In  young 
children  this  promi- 
nence of  the  tern- 
poral  ridge  is  a  usual 
condition,  owing  to 
the  exceedingly  oblique  angle  between  the  squama  and  the 
auditory  plate  (Figs.  6  and  122). 

In  the  infant  at  birth  the  mastoid  is  but  poorly  developed, 
consisting  usually  of  but  a  single  cell — the  antrum.  It  must 
be  remembered,  however,  that  there  is  a  very  large  pneumatic 
space  in  immediate  relation  to  the  tympanic  cavity,  as  the 
vault  of  the  tympanum  in  the  child  is  nearly  as  large  as  in 
the  adult,  the  ossicles  increasing  but  little  in  size  from  the 
period  of  birth  to  adult  life.  This,  no  doubt,  explains  the 
cause  of  the  pronounced  symptoms  found  in  even  the  simpler 
inflammations  of  the  middle  car  in  infancy  and  early  child- 
hood. The  inner  table  of  the  cranium  is  excessively  thin, 
and  frequently  incomplete  in  places  along  some  of  the  sutural 
lines.  The  vascular  supply  of  the  lining  membrane  of  this 
pneumatic  space,  made  up  of  the  vault  of  the  tympanum 
and  of  the  mastoid  antrum,  is  very  free  and  in  close  anasto- 
motic relation  with  the  intracranial  venous  sinuses.  For  this 
reason  symptoms  of  meningeal  irritation  are  frequently  ob* 


Pic.  I>I.— Adult  Icmponl  bone  in  aihicb  the  (ein- 

tioral  ridge  overhang*  the  entrnnce  lo  Die  caciftt. 
Author's  ipecimcn.) 
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served,  even  in  a  mild  attack  of  otitis  media  in  infancy. 
Again,  a  fatal  termination  is  probably  more  common  than  are 
are  aware,  due  to  an  early  thrombosis  of  the  venous  sinuses. 
or  to  septic  meningitis.  These  may  occur  even  before  dis. 
charge  appears  in  the  external  auditory  meatus,  and  pcrhips 
without  special  attention  having  been  called  to  the  car,  unless 
the  physician  is  aware  of  the  fact  that  one  of  the  most  l^^ 
qucnt  causes  of  high  temperature  in  young  infants  is  a  middle- 
car  inflammation.  A  reference  to  Fig.  122.  which  is  a  draw- 
ing o(  a  specimen  in  the  posses- 
sion of  the  author,  shows  how 
capacious  this  pneumatic  space 
may  be  at  birth. 

The  depth  at  which  the  rois. 
tuid  antrum  ties  varies  in  diBer- 
cnt  cases.     It  is  seldom  entered 
at  a  depth  of  less  than  half  an 
inch,  and  may  lie  seven  eighths 
of  an   inch   below  the  external 
surface.    The  only  structure  ol 
importance  lying  within  the  mis- 
toid  process  itself  is  the  facial 
nerve,  which  passes  out  through 
the  stylomastoid  foramen.    The 
nerve  crosses  the  upper  portion 
of   the   tympanic  cavity  in  the 
aquaeductus  Fallopii,  and  leaves 
the  cavity   through   an  opening 
in  the  posterior  wall.    In  the  mastoid  its  course  is  downward, 
outward,  and  slightly  backward,  crossing  the  line  of  the  pos- 
terior canal  wall  at  the  junction  of  the  lower  and  middle 
third.    Since  it  is  deeply  placed  and  the  bony  wall  covering 
it  is  so  dense,  it  is  seldom  wounded,  and  a  little  care  will 
enable   the  operator   to  avoid   it.      Immediately  above  the 
aquscductus  Fallopii  we  find  the  horizontal  semicircular  canai 
This  structure  can  be  injured  only  by  continuing  the  artificial 
opening  beyond  the  level  of  the  internal  wall  of  the  lyoi- 
panum,  an  accident  which  need  not  occur  if  ordinary  care  is 
exercised.     The  same  may  be  said  of  wounding  the  facial 
nerve  in  its  passage  through  the  aqueduct. 


Fic  IM. — The  lympanic  vanlt  and 
in»loid  sntnitD  ai  birth,  a,  Es- 
Icmil  canal  Kpantcd  from  lur- 
face  of  squama.  .Ai  it*  inner 
Hticmitjr  i»  the  mcntbrann  tym- 
pani  incloicd  by  the  Cymparic 
ring.  Above  the  rine  the  niaU 
leus  Mxl  incus  arc  pkinly  sren. 
(Authur'a  (pccimm,  natural  ilie.) 
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jCtioiogy.^The  most  common  cause  of  an  acule  inflam- 
mation in  this  region  is  an  extension  of  a  similar  process  from 
the  middle  car.  The  primary  lesion  may  be  either  acute  or 
chronic  in  character,  although  it  is  probable  that  a  simple 
catarrhal  inflammation  does  not  involve  the  mastoid  process 
by  extension.  In  cases  wlicre  the  mastoid  is  involved,  during 
the  course  of  what  has  seemed  to  be  a  catarrhal  inflammaliun, 
it  is  believed  that  the  process  within  the  middle  car  has  al- 
ready changed  in  character  and  that  the  involvement  of  the 
mastoid  has  occurred  at  a  very  early  stage  on  account  of  the 
intensity  of  the  process,  which  has  attacked  not  only  the  mid- 
dle car,  but  the  communicating  pneumatic  chamber  as  well. 

Primary  mastoiditis,  although  uncommon,  is  occasionally 
seen,  and  may  follow  an  exposure  to  cold  or  a  traunialisin.  or 
may  be  a  manifestation  of  a  tubercular  or  specific  diathesis. 
When  syphilis  is  the  cause  of  a  primary  mastoiditis,  there  is  a 
gimimatous  deposit  in  the  mastoid,  which  subse<]uently  breaks 
down  in  the  characteristic  manner.  Inllammatory  conditions 
within  the  meatus  may  also  extend  to  the  mastoid  by  contigtiity. 
A  simple  circumscribed  inflammation  may  produce  this  result, 
especially  when  located  upon  the  posterior  wall  of  the  canal. 
DifTu.ie  external  otitis  may  cause  a  similar  condition.  An  acute 
suppurative  inflammation  of  the  middle  car  is  the  mnst  conunon 
cause  of  an  anitc  mastoiditis.  Chronic  suppuration  within  the 
tympanic  cavity  may  also  cause  an  acute  inflammation  within 
the  mastoid.  It  is  curious  lliat  a  purulent  inllammation 
may  exist  for  years  within  the  middle  ear  without  producing 
any  symptoms  referable  to  tlie  mastoid.  From  some  exciting 
cuise,  fr(.'<iiu'ntly  so  trivial  in  cli.iriLetcr  as  to  be  unrecognized, 
acute  mastoid  symptoms  may  sudilenly  supervene. 

Pathology. — It  is  probable  that  in  every  case  nf  acute  inflam- 
mation (tf  tile  middle  ear,  the  mastoid  cells  arc  involved  to  a 
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certain  extent.  U  is  only  in  those  cases  where  severe  infection 
has  taken  place,  or  drainage  thrcmgh  Ihc  middle  car  is  post- 
potied.  that  suppurative  ma^tutlilis  follows  an  acute  tnftctioa 
A  chronic  suppuration  within  the  miildlc  car  causes  certain 
changes  within  the  mastoid  process,  as  the  result  of  which  lh« 
pneumatic  striicturi;  graihially  disappears,  and  the  mastoid  bc^ 
conKS  sclerotic  to  a  greater  or  less  extent.  Instead  of  these 
hypertrophic  charges,  with  the  deposit  of  new  lionc,  the  opposite 
result  may  take  place.  Bony  necrosis  may  occur,  and  a  larg< 
sequestrum  may  be  forme<I  within  the  mastoid  process.  If 
the  destruction  within  the  mastoid  is  but  moderate  in  amount, 
no  sequestrum  may  be  formed,  but  Ihc  detritus  may  gradually 
he  discharged  through  the  external  auditory  meatus  in  the  form 
of  inis.  Therefore  a  profuse  punilcnt  discharge  from  the  ex- 
ternal auditory  canal  is  one  of  the  best  signs  of  invoIvcuKDi 
of  the  mastoid  process. 

The  presence  of  infectious  material  within  the  bony  ca«ty 
may  produce  several  results:  the  simplest,  already  meniioneJ, 
is  a  copious  otorrhoea.  If  drainage  through  the  canal  is  im- 
peded, the  fluid  must  find  exit,  and  evacuates  itself  spontane- 
ously where  the  least  resistance  is  offered.     This  may  l>c — 

1.  Through  the  external  mastoid  cortex,  either  behind  tiw 
ear  or  in  the  external  meatus. 

2.  Through  the  cortex  in  the  digastric  fossa. 

3.  Through  the  root  of  the  zygoma. 

4.  Through  the  roof  of  the  antrum,  or  of  the  tympanic 
vault,  into  the  middle  cranial  fossa. 

5.  Into  the  posterior  cranial  fossa,  usually  by  nipttire  into 
tlie  groove  lodging  the  lateral  sinus. 

When  the  cranial  cavity  is  invaded  wc  have  an  inflamma- 
tion of  the  meninges,  which  may  be  diffuse  or  circuni.scrit)«l. 
In  the  former  condition  a  purulent  leptomeningitis  results, 
while  in  the  latter  an  epidural  abscess  is  formed.  The  pro- 
duction of  an  epidural  abscess  seems  to  be  an  effort  on  the 
part  of  Nature  to  limit  the  inflammation  to  a  circumscribed 
area,  the  infeclious  material  being  wallc<l  in  on  all  sides  by 
adhesions  Ixriwccn  the  dura  and  the  adjacent  osseous  walk 
Internal  nipnirc  is  not  the  only  manner  in  which  the  contents 
of  the  cranial  cavity  may  be  invaded;  the  free  anast<»innsis 
between  the  blood  vessels  of  tlic  dura  and  tlic  pericranium 
may  furnish  the  avenue  through  which  the  infectious  material 
may  pass  to  the  intracranial  contents.     In   this  manner  nw 
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may  have,  in  addition  to  the  two  conditions  already  men- 
tioned, a  thrombosis  of  the  lateral  sinus,  or  an  abscess  within 
the  brain  substance.  Unfortunately  for  the  patient,  these 
lesions,  instead  ol  being  single,  frequently  occur  tog:ether: 
thus  a  sinus  thrombosis  without  considerable  meningitis  is 
rare,  while  a  brain  abscess  is  a  not  infrequent  accompaniment 
of  thrombosis  of  the  sinus. 

Where  rupture  tnkes  place  upon  the  external  surface  of 
the  mastoid,  it  is  commonly  supposed  that  all  serious  danger 
of  involvement  of  the  intracranial  contents  is  at  an  end,  al- 
though the  abscess  may  not  be  immediately  evacuated  by  in- 
cision of  the  overlying  soft  parts.  This  is  an  error,  particu- 
larly in  the  case  of  children.  Here  the  sutural  lines  between 
the  various  portions  of  the  temporal  bone  arc  not  completely 
ossified,  and  when  the  external  surface  of  the  temporal  bone 
is  bathed  in  pu&,  infection,  cither  through  the  sutural  lines  or 
through  the  substance  of  the  squama  itself,  is  by  no  means 
impossible. 

1  have  reported  one  case  of  this  character  in  a  child  and 
one  in  an  adult,*  while  several  other  instances  may  be  found 
in  otological  literature.  In  children  the  presence  of  pus  be- 
neath the  integument  in  the  post-aural  region  does  not  of  ne- 
cessity indicate  a  perforation  through  the  cortex.  In  these 
young  subjects  a  collection  of  fluid  within  the  tympanic  vault 
frequently  makes  its  way  along  the  superior  wall  of  the  canal, 
gaining  exit  from  the  cavity  through  the  Kivinian  segment 
by  dissecting  the  soft  parts  away  from  the  bone  in  this  loca- 
tion. In  very  young  infants  this  is  by  no  means  uncommon, 
while  in  children  over  ten  years  of  age  it  is  occasionally  met 
with.  Perforation  of  the  cortex  on  the  anterior  surface — that 
is,  through  the  posterior  wall  of  the  bony  meatus— may  occa- 
sionally occur.  Spontaneous  evacuation  here  is  probably  due 
to  the  fact  that  in  the  particular  case  the  external  cortex  is 
thicker,  while  along  the  posterior  aspect  of  the  canal  the 
pneumatic  cavities  arc  well  developed  and  thin-walled.  Where 
sequestra  are  formed  the  process  does  not  differ,  except  that 
in  addition  to  the  fluid  collection  we  have  a  foreign  body 
whose  action  is  to  aggravate  the  changes  already  described. 
The  same  remark  applies  to  the  development  of  a  cholcstea- 
tomatous  mass  within  the  mastoid  cells.    These  epithelial  col- 
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lections  are  rather  prone  to  excite  a  hyperplastic  inflamma. 
tion.  lermmatitig  iii  sclerosis  with  obliteration  o(  the  trabcculx 
between  the  cells.  It  is  only  when  the  mass  attains  consider- 
able size  that  acute  inflammatory  changes  arc  set  up,  produc- 
ing a  train  of  symptoms  characteristic  of  an  acute  process  in 
this  region. 

The  cholesteatomatous  dcpostit  may  attain  such  a  size  as  ta 
cause  absorption  of  the  posterior  wall  of  the  canal. converting 
the  mastoid.antrum,  tympanum,  and  bony  meatus  into  a  single 
cavity.  At  the  same  time  the  cortex  of  the  mastoid  is  often 
scle  rosed - 

Symptomatology. — The  prominent  symptom  mcl  with  is 
intense  pain  over  the  mastoid  portion  of  the  temporal  bone. 
The  pain  is  particularly  severe  at  night,  preventing  sleep.  It 
is  of  dull  character,  deep-seated  and  constant.  Following  a 
painful  inflammation  within  the  tympanum,  a  change  in  ibe 
character  and  location  of  the  pain  complained  of  by  the  pa- 
tient is  a  valuable  symptom.  The  degree  of  constitutional 
disturbance  presented  is  often  entirely  out  of  proportior  lo 
the  local  changes.  The  patient  may  be  well  nourished,  the 
temperature  normal,  and  the  pulse  but  slightly  accelerated, 
while  at  the  same  time  extensive  destruction  is  taking  place. 
Where  the  disease  com|i[icates  an  acute  process  within  the 
middle  ear.  or  is  primary  in  character.  Ihc  temperature  is 
usually  elevated,  varying  from  99.5"  lo  101.5°,  but  scld^ni 
higher  than  this,  except  in  children  where  a  persistent  cic- 
v.iiion  o(  temperature  may  be  the  only  symptom  «if  masioiit 
involvement.  Where  the  ceils  are  well  developed  at  the  apet, 
considerable  difficulty  may  be  experienced  in  moving  llic 
head  from  side  to  side.  In  children  this  symptom  shoukl  al- 
ways be  carefully  investigated,  although  no  pain  may  be  com- 
plained of  in  the  region  of  the  ear.  Tenderness  upon  d«p 
pressure  is  probably  the  most  characteristic  sign  of  the  in- 
volvement of  the  osseous  structures.  ThLs  varies  considerably 
in  location.  It  is  usually  most  marked  directly  over  the  «!*• 
trum  and  close  to  the  posterior  margin  of  the  canal.  Occa- 
sionally the  most  tender  point  will  be  lound  at  the  tip  of  ihe 
apophysis.  The  aural  discharge  usually  becomes  scanty  when 
mastoid  symptoms  develop.  On  the  other  hand,  a  continuous, 
profuse  discharge  is  clearly  indicative  of  mastoid  involvetneni- 
A  profuse  discharge  of  long  duration  could  not  come  from  ti^ 
middle  ear  alone.     In  young  children  who  are  unable  to  locale 
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exactly  the  scat  of  pain,  restlessness  at  night  should  always  ex- 
cite suspicion  if  it  foUou-s  ihe  cessation  of  a  prolusc  aural  dis- 
charge. Tumctaction  behind  the  auricle  in  not  common,  except 
in  early  life.  CEdcma  of  the  overlying  soft  parts  is  more  char- 
acteristic of  an  inflammation  within  the  canal  than  of  involve- 
ment of  the  mastoid  process.  Fluctuation,  it  need  hardly  be 
said,  indicates  spontaneous  evacuation  of  the  purulent  contents. 

If  the  intracranial  structures  are  involved,  the  symptoms 
manifested  depend  upon  the  particular  region  attacked.  If 
one  of  ihe  large  venous  sinuses  becomes  the  seat  of  an  infec- 
tious thrombus,  the  temperature  changes  arc  the  most  charac- 
teristic evidence  of  the  condition.  They  consist  in  the  sud- 
den elevation  ol  the  temperature,  the  thermometer  frequently 
registering  104*  or  toj*.  This  elevation  persists  but  for  a  few 
hours,  and  is  followed  by  a  spontaneous  fall  to  the  normal 
standard  or  even  lower  than  this.  These  intermittent  eleva- 
tions may  occur  several  times  during  the  day,  and  may  be  of 
such  short  duration  as  to  be  unrecognized  unless  the  tempera- 
ture is  taken  frequently.  Following  the  access  of  the  fever 
there  is  profuse  perspiration,  and  as  the  condition  advances, 
well-marked  symptoms  of  general  sepsis  appear.  The  patient 
becomes  very  weak.  The  skin  is  of  a  dull,  ashy  hue,  the 
pulse  feeble,  and  the  mental  condition  dull,  all  of  which  arc 
indicative  of  profound  systemic  infection.  If  emboli  are  de- 
veloped, their  lodgment  in  the  various  viscera  is  followed  by 
characteristic  symptoms.  The  most  common  site  of  lodgment 
is  probably  the  lungs,  causing  a  septic  pneumonia.  When  the 
thrombus  develops  in  the  lateral  sinus  it  frequently  extendi 
downward  into  the  internal  jugular  vein,  and  its  presence  is 
revealed  by  deep  tenderness  along  the  course  i>(  this  vessel, 
together  with  tumefaction  along  the  anterior  border  of  the 
stcrno- mastoid  muscle.  Whenever  temperature  changes  ex. 
cite  suspicion  of  involvement  of  the  sinus,  the  region  of  the 
external  jugular  vein  should  be  examined  frequently  lor  con- 
firmatory signs.  The  sensorium  is  seldom  disturbed,  except 
just  before  death,  where  thrombosis  alone  is  present. 

Where  involvement  of  the  intracranial  structures  results 
in  diffuse  meningitis,  we  have  intense  headache,  photophobia, 
a  high  temperature  which  remains  constant,  nausea,  and 
vomiting.  Otitic  meningitis  usually  involves  the  base  of  the 
Drain  rather  than  the  convexity.  I  Icncc  a  slow  pulse  charac- 
teristic of  traumatic  meningeal  inflammation  is  wanting,  the 
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cardiac  action  being  increased  in  rapidity.  Paralysis  of  Jm 
dividual  muscles  soon  appears,  the  third  and  sixth  nerves 
bein^  most  frequently  involved,  causing  either  strabismus  or 
|>aralysts  of  the  ciliary  muscle.  Rigidity  of  the  muscles  ol 
the  neck  occurs  quite  early,  :ind  is  one  of  the  most  character, 
islic  symptoms. 

Where  the  meningitis  is  localized,  constituting  an  extra- 
dural abscess,  the  temperature  is  usually  but  moderately 
elevated,  seldom  exceeding  loo*.  The  characteristic  sym- 
tom  is  localized  headache,  the  painful  region  corresponding 
pretty  closely  to  the  area  involved.  Paralytic  symptomsdo 
not  appear  until  late  in  the  course  ol  the  disease.  Rigidity 
of  the  muscles  of  the  neck,  vomiting  and  photophobia  art 
also  absent. 

The  occurrence  of  an  abscess  within  the  cerebral  sub- 
stance is  a  rare  accompaniment  of  acute  mastoid  inflammation. 
It  may  be  said  it  produces  no  symptoms  which  may  be  called 
characteristic  until  it  has  attained  sufficient  size  to  press  upon 
some  ptirtion  of  the  motor  tract.  Its  presence  should  always 
be  suspected  when  there  is  a  persistent  low  temperature,  to 
gether  with  constant  headache,  increasing  asthenia,  and  pro- 
gressive hebetude.  So  far  from  producing  characteristic 
symptoms,  it  is  rather  the  absence  of  any  characteristic  mani- 
(estation.  but  the  failure  of  the  patient 'to  improve,  which 
should  always  excite  suspicion  of  this  condition.  When  in 
an  acute  mastoiditis  the  pain  diminrshcs  in-  severity  and  as- 
sumes the  character  of  a  general  headache,  while  at  the  same 
time  the  patient  becomes  progressively  dull  and  unobstrvani 
of  his  stjrroundings.  the  temperature  remaining  normal  or  but 
slightly  elevated,  invasion  of  the  cerebral  substance  shouli^ 
be  suspected-  The  occurrence  ol  two  or  more  of  these  intra- 
cranial conditions  in  association  is  what  renders  a  diagnoas 
difficult.  A  brain  abscess  is  not  an  uncommon  complication 
of  a  thrombosis  of  one  of  the  large  venous  channels.  The 
thrombus  causes  the  characteristic  intermittent  temperature 
and  masks  the  purulent  collection  situated  deeply  within  the 
cerebral  tissue.  It  is  also  common  to  find  considerable  menin- 
gitis with  either  cerebral  abscess  or  thrombosis  of  the  later*! 
sinus.  This  local  inflammation  prevents  the  temperature  froff> 
intermitting,  as  wc  should  expect  it  to  do  if  the  sinus  alone 
were  involved,  and  the  fever  due  to  meningitis  may  render 
the  fluctuations  due  to  the  entrance  of  infectious  material 
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into  the  circulation  at  frequent  intervals  entirely  unrecog- 
nizable. 

Diaffoosis. — It  would  seem  that  the  recognition  of  the 
invasion  of  the  osseous  structures  immediately  surrounding 
the  tympanum  would  be  a  matter  of  simplicity,  and  quite 
frequently  no  difficulty  is  experienced  in  making  a  diagnosis. 
On  the  other  hand,  we  meet  with  cases  in  which  even  the 
most  expert  observer  must  be  in  doubt  as  to  whether  the 
pneumatic  cells  of  the  mastoid  have  become  infected,  or 
whether  the  severe  constitutional  symptoms  are  due  simply 
to  the  conditions  within  the  tympanum.  There  are  two  signs 
upon  which  the  most  dependence  c;in  be  placed,  and  the  pres- 
ence of  both  is  a  certain  indication  of  mastoid  involvement, 
while  the  presence  of  either  one  alone  is  certainly  suspicious 
and  often  constitutes  the  sole  sign  upon  which  the  necessity 
of  operative  treatment  is  based. 

These  two  signs  arc  : 

1.  Ix>ca)  tenderness  upon  deep  pressure  over  the  mastoid 
region. 

2.  A  depression  or  sagging  of  the  supero-posterior  wall 
of  the  canal  close  to  the  tympanic  ring. 

[n  determining  mastoid  tenderness  care  must  be  taken  to 
be  sure  that  the  pain  experienced  by  the  patient  upon  ma- 
nipulation is  really  mastoid  tenderness,  and  docs  not  depend 
upon  an  inilnmmation  of  the  external  canal.  No  error  need 
occur  if,  when  the  examination  is  made,  the  examining  linger 
is  pressed  backward  and  inward  upon  the  mastoid  just  be- 
hind the  insertion  of  the  auricle,  since  this  manipulation  docs 
not  move  the  6bro-cartilaginous  canal.  On  the  other  hand, 
if  the  finger  of  the  operator  causes  even  the  slightest  move- 
ment of  the  auricle  or  of  the  meatus,  the  presence  of  an  exter- 
nal otitis  may  lead  to  error. 

The  tender  point  is  usually  situated  over  the  antrum,  and 
may  be  close  to  the  margin  of  the  bony  meatus ;  even  here  it 
is  not  necessary  to  cause  the  slightest  motion  of  the  soft  parts 
if  the  thumb  be  placed  upon  the  margin  of  the  bony  ring 
and  pressure  exerted  backward  and  inward.  The  tenderness 
elicited  is  unmistakable,  the  patient  not  infrequently  cringing 
at  the  moment  when  the  parts  are  pressed  upon.  It  is  always 
wise  to  test  the  healthv  mastoid  in  the  same  manner,  since  a 
certain  number  of  individuals  possess  what  may  be  called  a 
physiological  tenderness  of  the  mastoid  process.  This' is 
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ing  whether  the  location  off  the  sinus  could  be  positively  (i^ 
cidcd  by  external  mcasuremcnls  of  the  skull.  These  re- 
searches prove  conclusively  that  external  measurements  arc 
useless  in  determining  the  site  of  the  sinus.  This  venous 
channel,  then,  bears  an  important  relation  to  the  mastoid  pro 
cess,  and  its  variable  situation  must  always  be  borne  in  mind 
in  operative  procedures.  When,  for  any  reason,  it  seems  dt- 
sirable  to  expose  the  sinus  during  an  operation,  it  can  be  done 
by  extending  the  opening'  in  the  bone  tiackward,  care  bring 
taken  to  avoid  the  removal  of  any  bone  beyond  the  nccipito- 
temporal  suture.  The  groove  lodging  the  knee  of  the  sinus 
is  located  in  the  mastoid  process,  and  an  extension  of  the  open- 
ing to  the  point  o(  junction  between  the  occipital  and  temponl 
bones  affords  abundant  space  for  examination  of  the  sinus  as 
well  as  of  the  condition  of  the  posterior  cranial  fossa  both 
above  and  below  the  tentorium.  This  statement  regarding 
the  extensive  removal  ol  bnnc  in  exposing  the  sinus  may 
seem  unnecessary,  but  where  the  patient  is  anarmic  the  «- 
posed  sinus  may  be  neatly  empty  and  its  walls  ma}*  be  of  the  ■ 
same  color  as  the  contiguous  meningeal  surface,  rendering  iis  ■ 
recognition  difficult. 

From  the  presence  of  this  vessel  it  is  advisable  in  all  oper- 
ations upon  the  mastoid  first  to  remove  the  cortex  as  close  lo 
the  posterior  wall  of  the  canal  as  possible.  After  the  celU 
arc  entered  and  the  topography  of  the  particular  process  is 
ascertained,  the  opening  may  then  be  enlarged  as  much  aiJi 
necessary,  but  the  cavity  should  always  be  entered  as  clo6C 
to  this  hnc  as  possible. 

In  the  majority  of  cases  the  middle  cranial  fossa  liesa^ 
considerably  higher  level  than  the  horizontal  plane  passing 
through  the  superior  wall  of  the  bony  meatus.  The  location 
of  the  Hoor  of  this  space  is  commonly  above  the  plane  pass- 
ing through  the  temporal  ridge,  this  last  term  being  applied 
to  the  prolongation  of  the  roof  of  the  zygoma  backward 
over  the  entrance  of  the  external  auditory  canal.  The  tem- 
poral ridge  was  for  a  time  considered  the  upper  limit  of 
safety  in  opening  the  mastoid  process.  Occasionally,  bo» 
ever,  we  meet  with  cases  in  which  the  squamous  portion  ol 
the  temporal  bone,  instead  of  lying  almost  vertical,  is  con."dd- 
erably  inclined,  forming  an  acute  angle  with  the  horizoolal 
plane.  When  this  occurs  the  lemjiural  ridge  overhangs  the 
entrance  to  the  meatus  (Fig.  121).     Unless  care  is  exercised. 
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mal  conditions,  and  when  the  parts  adjacent  are  cedeinatous 
from  inflammation  complete  obstruction  is  (requent. 

In  addition  to  these  two  signs  there  is  usually  severe  pain, 
especially  at  nig'ht :  or,  if  nut  pain,  steeplessness ;  the  last 
symptom  is  especially  noticeable  in  chronic  cases.  To  these 
patients  the  mastoid  pain  or  headache  has  become  a  second 
nature,  and  a  slight  increase  does  not  produce  the  same  effect 
as  the  corresponding  condition  in  a  previously  healthy  individ. 
ual,  but  leads  to  loss  of  sleep.  Body  temperature  has  practical- 
ly no  diagnostic  value ;  in  acute  cases  wc  usually  Bnd  an  ele- 
vated temperature  varying  from  loo"  to  102*  or  103*.  Where 
the  middle  ear  has  been  the  seat  of  a  supi>urativc  process  for 
along  period,  the  mastoid  subsequently  becoming  involved, 
it  is  not  infrequent  to  find  the  temperature  perfectly  normal, 
although  the  temperature  is  taken  so  frequently  as  to  pre- 
clude the  possibility  of  any  rise  being  overlooked.  Local 
oedema  behind  the  car  is  more  characteristic  of  a  circum- 
scribed jnHammation  of  the  canal  than  of  mastoid  involve- 
ment. In  young  children,  where  the  bony  meatus  is  not  de. 
vclopcd,  tumefaction  behind  the  car  is  frequently  found,  and 
evacuation  of  the  abscess  may  occur,  although  no  perforation 
through  the  cortex  is  present.  The  fluid  within  the  mastoid 
burrows  along  the  postcro- superior  canal  wall,  and  appears 
close  behind  the  auricle  quite  early,  owing  to  the  case  with 
which  it  Hnds  an  exit  through  the  Rivinian  segment.  In 
children,  also,  the  cortex  of  the  mastoid  is  exceedingly  thin, 
and  perforation  may  take  place  in  twenty-four  hours  after 
the  onset  of  an  acute  attack  and  produce  the  characteris- 
tic physical  evidences.  A  condition  which  should  never 
be  forgotten  is  the  occasional  nipturc  of  a  mastoid  abscess 
upon  the  internal  surface  through  the  digastric  lossa.  Here 
local  tenderness  over  the  antrum  may  be  absent,  the  pain 
being  referred  to  the  lateral  cervical  region.  In  the  early 
stages  careful  examination  may  reveal  no  dlScrcncc  between 
the  corresponding  regions  of  the  sound  and  diseased  side. 
At  a  later  period  a  diffuse,  brawny  swelling  is  made  out 
beneath  the  stcrno-cleidomastoid  muscle,  extending  for  a 
considerable  distance  both  in  front  and  behind  it,  the  limits 
being  poorly  defined.  Deep  pressure  over  the  tip  of  the 
mastoid  elicits  pain,  which  Ls  frequently  considered  to  be 
neuralgic  in  character,  and  depending  upon  the  middle-car 
lesion.     Rupture  at  this  point  is  rather  characteristic  of  cases 
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served,  even  in  a  mild  attack  of  otitis  media  in  biiiocj. 
Again,  a  fatal  termination  is  probably  more  common  than  we 
are  aware,  due  to  an  early  thrombosis  of  the  venous  sinmes, 
or  to  septic  meningitis.  These  may  occur  even  before  dis- 
charge appears  in  the  external  auditory  meatus,  and  perhaps 
without  special  attention  having  been  called  to  the  car.  uoles 
the  physician  is  aware  of  the  fact  that  one  of  the  moat  frfr 
qucnl  causes  of  high  temperature  in  joung  infants  is  a  middI^ 
ear  inflammation.    A  reference  to  Fig.  122.  which  is  a  draw- 

ing  of  a.  specimen  in  the  posses- 
sion of  the  author,  shows  how 
capacious  this  pneumatic  sji^fS 
may  be  at  birth. 

The  depth  at  which  the  m» 
toid  antrum  lies  varies  in  diSer- 
ent  cases.  It  is  seldom  entered 
at  a  depth  of  less  than  hall  an 
inch,  and  may  lie  seven  eighths 
of  an  inch  below  the  external 
surface.  The  only  structure  ol 
importance  lying  within  the  in» 
toid  process  itself  is  the  facia! 
nerve,  which  passes  out  through 
the  stylomastoid  foraR)en.  Tbe 
nerve  crosses  the  upper  portion 
of  the  tympanic  cavity  in  ibc 
aquxductus  Fallopii.  and  learcs 
the  cavity  through  an  opejiing 
in  the  posterior  wall.  In  the  mastoid  its  course  is  downvrard, 
outward,  and  slightly  backward,  crossing  the  line  of  the  pos- 
terior canal  wall  at  the  junction  of  the  lower  and  middle 
third.  Since  It  is  deeply  placed  and  the  bony  wall  covering 
it  is  so  dense,  it  is  seldom  wounded,  and  a  little  care  will 
enable  the  operator  to  avoid  it.  Immediately  above  the 
aquzeductus  Fallopii  we  find  the  horizontal  semicircular  cantl- 
This  structure  can  be  injured  only  by  continuing  the  artificial 
opening  beyond  the  level  of  the  interna!  wall  of  the  tym- 
panum, an  accident  which  need  not  occur  if  ordinary  carcii 
exercised.  The  same  may  be  said  of  wounding  the  faciil 
nerve  in  its  passage  through  the  aqueduct. 
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FlO.  [33. — The  tympanic  vauII  and 
mutaid  Antrum  u  birth,  c,  Ex- 
Icmal  cnn>]  sepajBted  from  sur- 
face of  tijuatnn.  Al  its  inner 
entiemity  IS  the  imiinbrina  lyiri. 
pani  inclosed  by  The  tjTtipnnic 
ring.  Above  the  ring  the  mal- 
leui  and  incus  are  plainly  Keen. 
(Auihot't  specimen,  naturat  site.) 
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CHAPTER  XXV. 


INFLAMMATION  OF  THE   MASTOID   PROCESS. 


Etiology. — The  most  common  cause  of  an  aculc  inflam- 
mation in  this  region  is  an  extension  of  a  similar  process  from 
the  middle  ear.  Tlie  primary  lesion  may  be  either  aculc  or 
chronic  in  character,  althuug'h  it  is  probable  that  a  simple 
catarrhal  inflammalion  docs  not  involve  the  mastoid  process 
by  extension.  In  cases  where  the  mastoid  is  involved,  during 
the  course  of  what  has  seemed  to  be  a  catarrhal  inflammation, 
tt  is  believed  that  the  process  within  the  middle  ear  has  al- 
ready changed  in  character  and  that  the  involvement  ol  ilie 
mastoid  has  occurred  at  a  very  early  stage  on  account  ol  the 
intensity  ot  the  process,  which  has  aitacked  not  only  the  mid- 
dle car,  but  the  communicating  pneumatic  chamber  as  well. 

I'rimary  mastoiditis,  although  uncommon,  is  occasionally 
seen,  and  may  follow  an  exposure  h>  cold  or  a  traumali.sm.  or 
ntay  be  a  manifestation  o(  a  tubercuhir  or  sptcific  diathesis. 
When  syphilis  is  the  cause  of  a  primary  mastt>i<titis.  tlierc  is  a 
gtntimatoits  deposit  in  the  mastoid,  which  subsequently  breaks 
down  in  the  characteristic  manner.  Inllammatory  conditions 
within  the  meatus  may  also  extend  to  the  mastoid  liy  coniiguily. 
A  simple  circumscribed  inflarniiialion  may  prodncc  this  result, 
es|iccially  when  Uxrated  ninm  the  j)ostcrior  wall  of  the  canal. 
Diffuse  external  otitis  may  cause  a  similar  condition.  An  acute 
supi«irativc  inflammation  of  the  middle  ear  is  Ihc  most  common 
cause  of  an  acute  masloiditis.  Chronic  suppuration  wiihin  the 
tympanic  cavity  may  also  cause  an  acute  inflammation  within 
the  mastoid.  It  is  curious  that  a  punik-nt  inllamtnation 
may  exist  for  years  within  the  middle  ear  without  producing 
any  symptoms  referable  to  the  mastoid.  From  some  exciting 
ciiisc.  fre(|uently  so  trivial  in  character  as  to  be  unrecognized, 
acute  mastoid  symptoms  may  suddenly  supervene. 

Pathology. — It  is  probable  that  ia  every  case  of  acute  inflam- 
mation of  the  middle  car,  die  mastoid  cells  are  involved  to  a 
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certain  extent.  It  is  only  in  those  cases  where  severe  infection 
has  takm  |)lace,  or  drainage  tliroiigh  tlie  middle  car  is  post- 
poned, that  suppurative  mastoditis  follows  an  acute  infection. 
A  chronic  suppuration  within  the  middle  car  causes  certain 
clianges  within  the  ni.astoi(l  process,  as  the  result  of  which  the 
pneumatic  structure  gradually  disappears,  and  the  mastoid  be- 
comes sclerotic  to  a  greater  or  less  extent.  Instead  of  these 
hypertrophic  changes,  with  the  deposit  of  new  bone,  the  opposite 
result  may  take  place.  Bony  necrosis  may  occur,  and  a  large 
se<iuestriim  m-'iy  be  formed  within  the  mastoid  process^  If 
the  destruction  within  the  mastoid  is  but  moderate  in  anioimt, 
no  scqncstnun  may  be  formed,  but  the  detritus  may  gradually 
be  discharged  through  the  external  auditory  meatus  in  the  form 
of  pus.  Therefore  a  profuse  pundent  discharge  from  the  ex- 
ternal auditory  canal  is  one  of  the  best  signs  of  involvement 
of  the  mastoid  process. 

The  presence  of  infectious  material  within  the  bony  cavity 
may  produce  several  results;  the  simplest,  already  mentioned. 
is  a  copious  ()lorrh(ea.  If  drainage  through  the  canal  is  im- 
I>eded,  the  Ihiid  must  find  exit,  and  evacuates  itself  siwntant- 
ously  where  the  least  resistance  is  offered.     This  may  he — 

1.  Through  the  e-xternal  mastoid  cortex,  cither  behind  the 
ear  or  in  the  external  meatus. 

2.  Through  the  cortex  in  the  digastric  fossa. 

3.  Through  the  root  of  the  zygoma. 

4.  Tlirough  the  roof  of  the  antrum,  or  of  the  tjinpiic 
vault,  into  the  middle  cranial  fossa. 

5.  Into  (he  posterior  cranial  fossa,  usually  by  rupture  into 
the  groove  lodging  the  lateral  sinus. 

When  the  cranial  cavity  is  invaded  we  have  an  inflamma- 
lion  of  the  meninges,  which  may  be  diffuse  or  circumscribed- 
In  the  former  condition  a  purulent  leptomeningitis  results. 
while  in  the  latter  an  epidural  abscess  is  formed.  The  pn)- 
duclion  of  an  epidural  abscess  seems  to  be  an  elTort  on  ihe 
part  of  Nature  to  limit  the  inflammation  to  a  ciraimscribcd 
area,  the  infectious  material  Ix-iiig  walled  in  on  all  sides  by 
adhesions  between  the  dura  and  the  adjacent  osseous  Willi 
Internal  rupture  is  not  the  only  manner  in  which  the  contents 
of  the  cranial  cavity  may  be  invaded ;  the  free  anastotntwi* 
between  the  blood  vessels  of  the  dura  and  the  pericranitis 
may  furnish  the  avenue  through  which  the  infectious  matffiJl 
may  i»ass   to  the  intracranial  contents.     In   this  manner  wc 
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may  have,  in  addition  to  the  two  conditions  already  men* 
tioned,  a  thrombosis  of  the  lateral  sinus,  or  an  abscess  within 
the  brain  substance.  Unfortunately  for  the  patient,  these 
lesions,  instead  of  being  single,  frequently  occur  together; 
thus  a  sinus  thrombosis  without  considerable  meningitis  is 
rare,  while  a  brain  abscess  is  a  not  infrequent  accom]ianinient 
of  thrombosis  of  the  sinus. 

Where  rupture  takes  place  upon  the  external  surface  of 
the  mastoid,  it  is  commonly  supposed  that  all  serious  danger 
of  involvement  of  the  intracranial  contents  is  at  an  end,  al- 
though the  abscess  may  not  be  immediately  evacuated  by  in- 
cision of  the  overlying  soft  parts.  This  is  an  error,  particu- 
larly in  the  case  of  children.  Here  the  sutural  lines  between 
the  various  portions  of  the  temporal  bone  are  not  completely 
ossified,  and  when  the  external  surface  of  the  temporal  bone 
is  batlied  in  pus,  infection,  cither  through  the  sutural  lines  or 
through  the  substance  of  the  squama  itself,  is  by  no  means 
impossible. 

I  have  reported  one  case  of  this  character  in  a  child  and 
one  in  an  adult,*  while  several  other  instances  may  be  found 
in  otoltigical  literature.  In  children  the  presence  of  pus  be. 
neath  the  integument  in  ihe  post-aural  region  docs  not  of  ne- 
cessity indicate  a  perforation  through  the  cortex.  In  these 
young  subjects  a  collection  of  fluid  within  the  tympanic  vault 
frequently  makes  its  way  along  the  su|)crior  wall  of  the  canal, 
gaining  exit  from  the  cavity  through  the  Kivinian  segment 
by  dissecting  the  soft  parts  away  from  the  bone  in  this  loca- 
tion. In  very  young  infants  this  is  by  no  means  uncommon. 
while  in  children  over  ten  years  of  age  it  is  occasionally  met 
with.  Perforation  of  the  cortex  on  the  anterior  surface — that 
is,  through  the  posterior  wall  of  the  bony  meatus— may  occa- 
sionatlv  occur.  Spontaneous  evacuation  here  is  probably  due 
to  the  fact  that  in  the  particular  case  the  external  cortex  is 
thicker,  while  along  the  posterior  aspect  of  the  canal  the 
pneumatic  cavities  .ire  well  developed  and  thin-walled.  Where 
sequestra  are  formed  the  process  does  not  differ,  except  that 
in  addition  to  the  fluid  collection  we  have  a  foreign  body 
whose  action  is  to  aggravate  the  changes  already  described. 
The  same  remark  applies  to  the  development  of  a  cholestea- 
tomatous  mass  within  the  mastoid  cells.    These  epithelial  col- 


45*  INFLAMMATION   OF   THE  MASTOID  PROCESS. 

lections  arc  rather  prone  to  excite  a  hyperplastic  inflarnma- 
tion,  terminating  in  sclerosis  with  obliteration  of  the  irabccula 
between  the  cells.  It  is  only  n-hen  the  mass  attains  consider- 
able sire  that  acute  inflammatory  changes  arc  set  up,  produc- 
ing' a  train  of  symptoms  characteristic  of  an  acute  process  in 
this  region. 

The  cholestea  tomato  us  deposit  may  attain  such  a  size  as  to 
cause  absorption  of  the  posterior  wall  of  the  canal,  converting 
the  mastoid,  antrum,  tympanum,  and  bony  meatusintoa  single 
cavity.  At  the  same  time  the  cortex  of  the  mastoid  is  often 
sclerosed. 

Symptomatology. — The  prominent  symptom  met  with  is 
intense  pain  over  the  mastoid  portion  of  the  temporal  bone 
Tlie  pain  is  particularly  severe  at  night,  preventing  sleep.  It 
is  of  dull  character,  deep-seated  and  constant.  Following  a 
painful  inflammation  within  the  tympanum,  a  change  in  the 
character  and  location  of  the  pain  complained  of  by  the  pi- 
tient  is  a  valuable  symptom.  The  degree  of  constitutional 
disturbance  presented  is  often  entirely  out  of  proportion  lo 
the  local  changes.  The  patient  may  be  well  nourished,  the 
temperature  ronnal,  and  the  pulse  but  sHghtly  accelerated, 
while  at  the  same  time  extensive  destruction  is  taking  place. 
VVIiere  the  disease  complicates  an  acute  process  within  the 
middle  ear,  or  is  primary  in  character,  the  temperature  is 
usually  elevated,  varying  from  99.5°  to  I01.5*,  but  scld""" 
higher  than  this,  except  in  children  where  a  persistent  ele- 
vation of  temperature  may  be  the  only  symptom  of  masluid 
involvement.  Where  the  cells  are  well  developed  at  the  aprx. 
considerable  difficulty  may  be  experienced  in  moving  ihc 
head  from  side  to  side.  In  children  this  symptom  shouWat 
ways  be  carefully  investigated,  although  no  pain  may  be  com- 
plained of  in  the  region  of  the  ear.  Tenderness  upon  deep 
pressure  is  probably  the  most  characteristic  sign  of  the  in- 
volvement of  the  osseous  structures.  This  varies  considcrablj 
in  location.  It  is  usually  most  marked  directly  over  the  an- 
trum and  close  to  the  posterior  margin  of  the  canal.  Occa- 
sionally the  most  tender  point  will  be  found  at  the  tip  of  tin 
apophysis.  The  aural  discharge  usually  becomes  scanty  whw 
mastoid  symptoms  develop.  On  the  other  hand,  a  continuous.  | 
])rotuse  discharge  is  clearly  indicative  of  mastoid  involvement.  " 
A  profuse  discharge  of  long  d  uration  could  not  come  from  ihc 
middle  ear  alone.     In  young  children  who  are  unable  lo  locate 
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cxacdjp-  the  scat  of  pain,  restlessness  at  night  should  always  ex. 
cite  stispicinii  if  it  follows  ihc  cessation  ol  a  profuse  aural  dis- 
charge. Tumefaction  behind  the  auricle  in  not  common,  except 
in  early  life.  CEdcmaof  the  overlying  soft  parts  is  more  char- 
acteristic of  an  inflammatiDn  within  the  cmal  than  of  involve- 
ment of  the  mastoid  process.  Fluctuation,  it  need  hardly  be 
said,  indicates  spontaneous  evacuation  of  the  purulent  contents. 

If  the  intracranial  structures  are  involved,  the  symptoms 
manifested  depend  upon  the  particular  region  attacked.  If 
one  of  the  large  venous  sinuses  becomes  the  seat  of  an  infec- 
tious thrombus,  the  temperature  changes  are  the  most  charac- 
teristic evidence  of  the  condition.  They  consist  in  the  sud- 
den elevation  of  the  temperature,  the  thermometer  frequently 
registering  104"  or  105"*.  This  elevation  persists  but  for  a  few 
hours,  and  is  followed  by  a  spontaneous  fall  to  the  normal 
standard  or  even  lower  than  this.  These  inlcrmiitent  eleva- 
tions may  occur  several  times  during  the  day,  and  may  be  of 
such  short  duration  as  to  be  unrecognized  unless  the  tempera- 
ture is  taken  frequently.  Following  the  access  of  the  fever 
there  is  profuse  perspiration,  and  as  the  condition  advances, 
well-marked  symptoms  of  genera!  sepsis  appear.  The  patient 
becomes  very  weak.  The  skin  is  of  a  dull,  ashy  hue,  the 
pu]sc  feeble,  and  the  mental  condition  dull,  all  of  which  arc 
indicative  of  profound  systemic  infection.  If  emboli  are  de- 
veloped, their  lodgment  in  the  various  viscera  is  followed  by 
characteristic  symptoms.  The  most  common  site  oi  lodgment 
is  probably  the  lungs,  causing  a  septic  pneumonia.  When  the 
thrombus  develops  in  the  lateral  sinus  it  frequently  extends 
downward  into  the  internal  jugular  vein,  and  its  presence  is 
revealed  by  deep  tenderness  along  the  course  of  this  vessel, 
together  with  tumefaction  along  the  anterior  border  of  the 
sterno-mastoid  muscle.  Whenever  temperature  changes  ex- 
cite suspicion  of  involvement  of  the  sinus,  the  region  of  the 
external  jugular  vein  should  be  examined  frequently  fur  con- 
firmatory signs.  The  scnsorium  is  seldom  disturbed,  except 
just  before  death,  where  thrombosis  alone  is  present. 

Where  involvement  of  the  intracranial  structures  results 
in  diffuse  meningitis,  we  have  intense  headache,  photophobia, 
a  high  temperature  which  remains  constant,  nausea,  and 
vomiting.  Otitic  meningitis  usually  involves  the  base  of  the 
Drain  rather  than  the  convexity.  Hence  a  slow  pulse  charac- 
teristic of  traumatic  meningeal  inflammation  is  wanting,  the 
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Symptomatologry. — This  affection  is  usually  accompanied 
by  htRli  Iciniicraturc,  whicli  remains  constant,  exhil>iEiiig  Imt 
few  fluclualions,  and  varying  from  las'*  lo  105^.  Tlicic  is 
severe  headache,  photophobia,  vomiting,  and  localized  or  gen- 
eral convulsions.  In  chiUlren  general  convulsive  symptoms  are 
particularly  commor,  owing  to  the  high  temperature.  In  aduhs 
a  basilar  mcniDgiiis  docs  not  produce  this  symptom,  but  alTcra 
group.s  of  muscles  supplied  by  the  particular  nerves  involved 
at  their  points  of  exit  from  the  cranial  cavity.  These  muscular 
contractions  arc  succeeded  by  paralysis  as  the  disease  ad\-ance&. 
When  the  basilar  meninges  arc  affected,  the  respiratory  move- 
ments arc  changed  in  character  quite  early,  and  soon  assume 
the  peculiar  variety  known  as  "  Cheyne-Stokes  respiration,"  in 
which  there  are  several  short  efTorts  at  inspiration,  followed  by 
a  period  of  complete  cessation  of  the  respiratory  movcmenls. 
the  lungs  being  linally  emptied  by  a  long  sighing  cxpiralonr 
effort.  Delirium  occurs  early  in  young  subjects,  but  in  adiili 
life  the  sensorium  is  often  not  involved  until  quite  late,  at'l 
delirium  may  not  occur  at  all,  the  patient  slowly  passing  into  a 
cotulilion  of  coma,  'n  which  slate  he  dies.  The  paralyses  most 
fre(|uently  met  with  are  those  caused  by  the  involvement  oiilie 
third,  fourth,  and  sixth  nerves.  An  implication  of  the  third 
nerve  causes  at  first  contraction  of  the  pupil,  and  later  dilata- 
tion. One  of  the  carlicst'symptoms  of  paralysis  is  failure  ot 
the  pupil  to  respond  lo  light,  it  remaining  dilated  when  ex- 
posed to  a  brilliant  source  of  illumination.  The  involvement 
of  any  of  the  nerves  above  mentioned  will  produce  strabismus. 

In  cases  of  serous  meningitis,  both  the  paralytic  and  con- 
vulsive symptoms  are  seUtani  well  marked,  and  are  usually  en- 
tirely absent.  In  serous  meningitis  the  temperature  is  rarely  as 
high  as  in  the  purulent  form:  thetcmperalure  usually  runsfroo 
103*'  to  103"^.  seldom  higher.  Headache  is  the  most  prominent 
symptom  of  this  condition.  This  may  be  diffuse  or  localizcl 
The  sensorium  is  apt  to  be  affected  early  where  the  meningitis 
assumes  a  serous  form.  The  delirium  is  frequently  of  a  raiH 
type,  the  patient  being  simply  restless  and  answering  question* 
indefinitely,  but  after  his  attention  is  really  attracted  and  an 
effort  is  made  to  secure  an  answer,  the  answer  will  usually  1>8 
given.  Where  local  paresis  occurs,  internal  strabisnws  i* 
probably  tlie  most  frequent  symptom.  An  examination  ot  the 
fundus  oculi  will  most  generally  reveal  cither  a  choked  di*  of 
an  incipient  swelling  of  the  optic  papilla. 
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DIAGNOSIS. 


In  certain  cases  of  mi<kl]e-ear  suppuration,  obscure  intra- 
cranial symptoms  intcr\xne  which,  upon  autopsy,  are  found  to 
be  due  to  a  serous  meningitis.  In  these  cases,  no  pus  is  pres- 
ent, hut  we  have  a  serous  infiltration,  either  of  the  nieniuKcs  or 
of  the  hrain  suhstaucc,  ami  in  many  cases  the  ventricles  are 
filled  with  clear  senim. 

This  disease  was  first  brought  to  the  attention  of  the 
medical  profession  by  Quincke,  as  staled  on  a  previous 
page. 

Diagnosis. — The  recognition  of  the  affection  depends  upon 
the  preceding  history,  associated  wiih  constant  high  tempera- 
ture, vomiting,  and  headache.  This  gnuip  of  syniptoin»  can 
be  characteristic  of  no  other  disease  complicating  an  otitis  in 
adult  life.  The  exclusion  of  any  acute  intercurrent  affection 
naturally  depends  upon  the  absence  of  symptoms  characteris- 
tic of  such  a  disease.  In  children  the  diagnosis  is  much  more 
difficult,  since  any  acute  infectious  disease  or  a  ilisturl),-ince  of 
the  gastro- intestinal  canal  will  give  rise  to  exactly  the  symptoms 
above  mentioned. 

The  cessation  of  the  discharge  from  the  car  coincident  with 
the  above  manifestations  should  always  render  us  suspicious 
of  intracranial  involvement,  while  the  appearance  of  tonic  spasm 
of  individual  muscles,  such  as  those  at  (he  nape  of  the  neck,  is 
a  valuable  confirmatory  sign.  Photophobia,  involvement  of  the 
ocular  muscles,  the  interference  with  the  respiratory  move- 
ments, and  subsequently  coma,  render  the  diagnosis  unmistak- 
able in  most  cases. 

A  sign  of  great  value  in  these  cases  is  the  presence  of 
choked  disk.  In  the  early  stages  of  meningitis,  examination 
of  the  optic  disks  may  prove  them  to  be  perfectly  normal,  or 
the  fundus  oaili  may  show  a  slight  engorgement  of  the  veins. 
If,  however,  there  are  any  signs  of  beginning  choked  disk, 
euch  as  a  haziness  and  swelling  of  the  margin  of  the  optic 
P^illa  or  dilatation  and  tortuosity  of  the  veins,  together  with 
sonte  of  the  symptoms  of  meningitis  already  enumerated,  the 
diagnosis  is  fairly  certain.  It  is.  of  course,  understood  tliat  the 
presence  of  optic  neuritis  is  not  characteristic  of  meningitis 
alone.  This  intraocular  condition  is  frequently  found,  whenever 
there  is  an  intracranial  lesion  of  any  sort,  which  increases  the 
intracranial  pressure.  I  fence,  we  may  have  a  choked  disk  either 
in  a  mtiiingitts.  a  cerebral  or  cerebellar  abscess,  an  epidural 
abscess,  a  sinus  thrombosis,  or  in  cases  of  intracranial  tumor 
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Given,  however,  the  presence  of  optic  neuritis  and  symptoms 
pointing  to  meningitis,  the  presence  of  optic  neuritis  tends  to 
confirm  the  diagnosis.  .\s  will  be  seen  from  what  has  gont 
before  in  describing  the  symptoms  of  serous  meningitis,  the 
diagnosis  of  this  condition  is  exceedingly  difficult.  A  menin- 
gitis can  usually  be  assumed  to  be  of  a  serous  form  when  ihc 
temperature  is  but  moderately  high,  not  above  103",  when  tlif 
headache  is  not  excruciating,  photophobia  is  absent,  and  wherr 
the  symptoms  itcvelop  rapidly,  without  the  characteristic  in- 
crease in  tem[)er,itnre  and  increase  in  pulse  rate.  The  pulse 
in  serous  meningitis  is  apt  to  run  slow,  owing  to  the  rapid  devel- 
opment of  pressure  symptoms.  Rigidity  of  the  neck  is  a  ijuitc 
frequent  symptom  in  this  form  of  meningitis,  although  it  may 
be  absent. 

Progfnosis, — Meningeal  infection  is  usually  fatal,  and  yet 
the  results  obtaincil  by  Maccwen,*  who  re])orts  six  recoveries 
after  operation,  prove  that  death  does  not  always  follow.  In 
one  case  of  this  character,  operated  on  by  the  author,!  ilw 
operation  was  successful. 

Treatment. — The  application  of  ice  to  the  head  is  agre^ 
able,  and  may  retartl  to  some  extent  the  progress  of  the  in- 
flammation. l"lie  administration  of  large  doses  of  bromide 
of  sodium  or  potassium  is  also  indicated,  as  it  lessens  the  irri- 
lability  of  the  nerve  centres.  Opiates  should  be  avoided,  bui 
may  be  necessary  to  relieve  the  intense  pain.  Free  purgation 
by  means  of  salines  slunild  be  resorted  to  at  once.  The  admin- 
istration of  iodide  of  potassium  internally  is  pcmii.ssible.  on  llit 
assumption  nf  a  possible  specific  taint,  cither  hereditary  ot 
acijuircd.  Surgical  measures  are  to  be  cniployc<l,  but  to  be  of 
service  must  be  resorted  to  early.  As  the  disease  will  cenainly 
prove  fatal  if  it  is  not  checked  by  operation,  the  surgeon  should 
not  hesitate  to  interfere  even  in  cases  whicli  are  apparently 
hopeless,  if  the  diagnosis  is  un(|iiestionabte. 
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Sinus  Thrombosis. 

The  occlusion  of  one  of  the  large  venous  channels  witbio 
the  cranium  by  an  infectious  thrombus  is  always  to  be  reioenn- 
bcred  as  one  of  the  possible  complications  of  acute  or  chronic 
suppuration  within  the  tympanum. 


*  DiKUcs  of  the  Tlnin  and  Spinal  Con),  AmeHcan  cdiUOD,  1S9),  p^  )(9> 
t  TTanMclioiia,  Americtn  Olological  Society.  IB96,  vul.  vi.  p.  315, 
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The  free  communication  through  the  mastoid  veins  between 
the  lateral  sinus  and  the  pneumatic  spaces  immediately  cover- 
ing it.  reiulers  a  suppuration  within  this  cavity  partiailarly  prone 
to  deposit  septic  material  within  the  lateral  sinus.  Not  only 
may  a  suppurative  process  within  the  mastoiil  be  complicated 
by  this  lesion,  hut  a  middle-ear  suppuration  alone,  without  in- 
volvement of  the  mastoid  structures,  may  cause  the  condition  as 
well.  Here  infection  usually  takes  place  through  the  tloor  of 
the  tympanum,  the  jugular  bulb  being  directly  infected  from  ihe 
middle  ear.  When  such  a  deposit  takes  place,  the  first  step  of 
the  process  ts  the  complete  or  partial  occlusion  of  the  simis  by 
a  cint.  The  development  of  pyogenic  bacteria  within  this  mass 
leads  to  general  septic  infection,  by  ttie  entrance  of  bacteria 
into  the  general  circulation.  The  Ihromlnis  may  remain  local- 
ized within  the  sinus  itself,  affecting  but  a  small  area,  or  it 
may  extend  to  the  internal  jugular  vein. 

General  infection  may  take  place  through  the  lateral  sinus 
from  periphlebitis,  the  outer  cranial  wall,  which  Is  deeply 
groover!  for  the  passage  of  the  vessel,  becoming  necrotic  or  cari- 
ous, and  exciting  an  inflanmiation  of  the  outer  wall  of  the  lateral 
sinu.s,  lying  in  immediate  contact  with  it.  This  is  communicated 
to  the  interior  of  the  vessel,  causing  its  occlusion  in  the  man- 
ner above  described.  Such  a  periphlebitis  may  lead  to  erosion 
of  the  venous  trunk  before  its  lumen  is  occluded  by  a  fmn 
clot,  and  cause  a  profuse  hremorrhage. 

Provided  life  is  prolonged  for  a  sufTicieiit  period  to  permit 
of  general  infection,  we  find  secondary  purulent  deposits  in 
various  organs  of  the  hoily.  The  hings  seem  to  be  the  favor- 
ite site  of  infection,  septic  pneumonia  being  the  most  common 
complication. 

Secondar>'  hrain  abscess  is  also  met  with,  and  secomlary 
thrombosis  of  some  of  the  other  venous  sinuses  within  the 
cranium  as  well.  It  is  interesting  to  note  that  the  primary 
aural  affection  and  the  primarj'  sinus  thrombosis  may  cause 
secondary  thromboses  and  brain  abscesses  upon  the  opposite 
side.  For  this  reason  much  uncertainty  exists  as  lo  the  ulli- 
matc  outcome  of  any  operative  procedure  directed  toward  the 
primary  scat  of  affection. 

Symptomatology. — The  symptoms  to  which  this  afTcction 
gives  rise  are  insidious  in  their  development,  and  may  escape 
notice  for  a  considerable  period.  The  symptom  characteristic 
of  the  involvement  of  one  of  the  large  venous  channels  is  n 


468      COMPLICATIONS  OF  TYMPANIC   INFLAMMATION. 

sudden  rise  in  temperature  followed  by  a  spontaneous  fall  to 
nonwal  or  nearly  normal.    This  may  be  the  only  symptom,  and, 
unless  the  temperature  is  taken  at  frequent  Inten-als,  m3>  en- 
tirely escape  observation.    The  sudden  rise  in  temperature— 
which  is  usually  excessive,  and  may  reach  104°  or  io6°— is 
due  to  the  pass.igu  of  septic  material  into  the  general  circub- 
tion  at  sticceMttve  intervals,  owing  to  the  breaking  down  oftbc 
clot  within  the  sinus.    After  this  condition  has  continued  for 
some  time,  symptoms  of  general  sepsis  develop,  such  as  astlic- 
nia,  emaciation,  and  an  ashy  hue  of  the  skin.    The  rise  in  tem- 
perature is  usually  followed  by  profuse  perspiration,     in  the 
late  stages  constitutional  depression  accompanies  this,  but  when 
the  patient  is  in  fairly  vigorous  health,  as  at  the  onset  of  the 
disease,  this  depression  may  be  so  slight  as  to  escape  observa- 
tion.   A  severe  rigor  is  not  an  unusual  symptom,  and  is  mrt 
with  in  many  cases,  but  is  quite  frequently  wanting.    Where  it 
occurs  it  is  of  great  diagnostic  importance,  but  it.s  absence  ren- 
ders the  exclusion  of  sinus  thrombosis  by  no  means  certain. 
Symptoms  referable  to  the  cranial  contents — such  as  headache, 
local  or  general  convulsions,  paralysis,  mental  dullness,  or  de- 
lirium— are  absent  in  unccraplicaled  cases.    Where  met  with  in 
connection    with   evidences    of  sinus   thrombosis,   we   should 
always  suspect  the  involvement  of  either  the  cerebral  substance 
itself  or  of  secondary  meningitis  afTccling  a  considerable  portion 
of  the  brain  coverings.    When  there  is  a  secondary  process  in 
some  remote  organ  from  the  lodgment  of  infectious cmlxili.  we 
have,  in  addition  to  the  rise  in  temperature,  symptoms  peculiar 
to  the  organ  involved.    As  stated  above,  these  deposits  occur 
most  frequently  in  the  Inngs,  and  a  septic  pneumonia  is  the 
most  common  complication.    This  is  of  the  lobular  type,  iso- 
lated area.s  of  the  indmonary  tissue  becoming  consolidated,  and 
either  resolving  snbseciuently  or  breaking  down  with  ihe  for- 
mation of  a  pulmonary  abscess.    The  liver  and  spleen  may  also 
be  the  scat  of  these  deposits,  but  the  symptoms  presented  are 
so  vague  as  to  escape  recognition,  and  the  condition  is  dis- 
covered at  the  necropsy  only. 

Diagnosis. — The  recognition  of  involvement  of  the  lateral 
sinus  is  by  no  means  dithcult.  as  a  rule.  The  sign  most  char- 
acteristic of  this  condition  is  the  extensive  fluctuation  in  tem- 
perature. In  onler  to  recognize  the  condition,  it  is  necessanr- 
therefore,  that  the  temperature  be  taken  frequently.  It  is  wise, 
in  all  cases  of  suppurative  otitis  media,  especially  in  those  wh<« 
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the  mastoid  has  been  involved,  to  liave  the  temperature  taken 
every  two  or  three  hours  during  the  day,  and  at  least  every  four 
hours  during  the  night.  If  these  frequent  observations  are  not 
made,  the  characteristic  temperature  tluctuations  may  entirely 
escape  observation,  ami  an  error  in  diagnosis  may  thus  occur. 
This  extensive  variation  in  temperature  is  in  itscH  sufficient  to 
warrant  the  surgeon  in  assuming  that  the  lateral  sinus  is  in- 
volved. It  should  be  remembered  that  sinus  thrombosis  is  not 
infrequently  complicated  by  a  certain  amount  of  meningitis. 
When  this  occurs,  the  temperature  will  not  be  intermittent,  but 
remittent,  the  meningeal  inflammation  being  sufficient  to  cause 
a  constant  temperature  elevation  of  at  least  one  or  two  degrees 
above  the  normal  standard."  In  .some  cases  where  seplic  throm- 
bosis lias  been  present  for  .some  time,  the  thrombus  extends 
downward  from  the  lateral  sinus  into  the  internal  jugular  vein. 
In  these  cases  there  is  onlinarily  sonic  tenderness  in  the  neck. 
This  tenderness  gradually  extends  downward  as  the  disease 
advances;  at  first  there  is  a  marked  tcndemeMi  just  behind  the 
ramus  of  the  jaw  which  slowly  extends  ilnwn  to  the  angle  and 
then  farther  down  the  neck  along  the  stemo-niasloid  mus- 
cle. The  superficial  and  ilcep  lymphatics  of  the  neck  are  usually 
involved  quite  early  in  the  course  of  the  lUsease.  Some  writers 
descril>e  the  presence  of  a  hard,  cord-like  band,  to  be  felt  on 
palpation,  along  the  anterior  border  of  the  stcmo-mastoid  mus- 
cle whenever  the  internal  jugular  is  the  seat  of  a  thrombus.  I 
have  seen  many  cases  of  sinus  thrombosis  with  extension  to 
the  internal  jugular  vein,  but  in  no  instance  have  I  ever  rec- 
ognized the  presence  of  this  cord-like  band  occupying  (he  re- 
gion of  the  internal  jugular.  In  my  own  cases,  .1  have  often 
found  a  brawny  swelling  just  behind  the  ramus  of  the  jaw. 
evidently  caused  by  enlarged  lymphatics.  This  sign  is,  I  think, 
of  some  diagnostic  importance  in  recognizing  the  condition 
under  consideration.  It  must  be  borne  in  mind,  however,  that 
involvement  of  the  lymphatic  glands  frequently  occurs  both  in 
acute  external  otitis  and  also  in  otitis  media,  without  any  in- 
volvement of  the  internal  jugular  vein.  Too  much  importance, 
therefore.  shoul<l  nut  be  attached  to  this  sign. 

An  examination  of  the  fundus  oculi  should  always  be  made 
in  these  cases.  The  presence  of  a  choked  disk  will  confirm  the 
diagnosis  of  sinus  thrombosis  in  doubtful  cases. 

.Another  symptom  of  diagnostic  importance  is  the  develop- 
ment of  an  asthenic  condition  without  sufficient  local  disturb- 
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ance,  either  in  the  middle  ear  or  mastoid,  to  fully  account  for 
its  occurrence.  By  exclusion  this  can  only  come  from  general 
sei)sis,  and  its  sudden  development  is  indicative  of  the  convc)'- 
ance  of  the  septic  material  into  the  blood  current  through  a 
channel  of  considerable  size.  The  occurrence  of  rigors  and 
profuse  perspiration  are  of  great  diagnostic  value.  The  exam- 
ination of  the  car  or  of  the  mastoid  wound,  if  an  operation  has 
been  performed,  furnishes  practically  no  information  of  value. 
In  these  cases  the  Importance  of  the  blood  culture  cannot  be 
overestimated.  In  any  case  where  sinus  thrombosis  is  sus- 
pected, or  in  fact  in  any  case  of  middle  ear  suppuration  what 
unusual  excursions  in  temperature  occur,  a  blood  culture 
should  always  be  made.  A  positive  blood  culture  is,  of  course, 
an  absolute  evidence  that  the  pathogenic  organism;;  have 
cnt<.Tc-d  the  circulation  and  constitute  an  indication  for 
immediate  operation.  A  negative  blood  culture  docs  not 
necessarily  mean  that  the  lateral  sinus  is  not  involved  and  is 
not  obstructed  by  clot.  Given  for  instance  a  case  in  which  a 
parietal  clot  is  formed  in  the  sinus,  a  blood  cultimi  in  such  a 
case  should  be  positive.  If,  however,  a  clot  forms  ^-ery 
rapidly  and  completely  occludes  the  sinus,  a  blood  culture 
may  be  negative  simply  because  the  sinus  is  completely  oc- 
cluded. In  a  case  with  a  negative  culture  with  occlusion  of 
the  sinus  this  culture  will  subsequently  become  positive  when 
the  clot  breaks  down  and  the  pathogenic  organisms  pass  into 
the  general  circulation.  In  one  instance  I  was  able  to  demon- 
strate this  condition;  namely,  a  blood  culture  from  the  ann 
(representing  a  culture  from  the  general  circulation)  was 
negative,  but  the  patient  continued  to  run  a  temperature 
characteristic  of  sinus  thrombosis.  As  tlie  sinus  was  exposed 
at  the  time  of  operation  a  cultxire  was  taken  from  the  sanos 
itself,  and  this  was  positive.  Jugular  excision  cured  tfus 
patient. 

Prognosis. — A  very  small  proportion  of  cases  of  sinus 
thrombo-sis  may  recover  spontaneously.  In  many  cases,  where 
spontaneous  recovery  has  apparently  taken  place,  these 
patients  undoubtedly  die  later  from  some  secondary  dcposii 
either  in  the  brain  or  in  some  other  location.  The  condition 
must,  therefore,  always  be  regarded  as  grave,  and  one  which 
will  tcmiinatc  fatally  unless  relieved  by  the  surgeon.  Tbc 
results  of  ojXTative  treatment  in  these  cases  are  exceedifljly 
good.    In  eighty-eight  cases  operated  upon  by  the  author, 
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sixty -six  were  cured  and  twenty-two  died:  three  from  septic 
pneumonia,  two  from  diabetes,  two  from  nephritis,  one  from 
meningitis,  one  from  pulmonary  thrombosis,  one  from  gan- 
grene of  the  neck,  one  from  malnutrition,  and  in  the  other 
cases  the  cause  of  death  was    unrecorded. 

Where  extension  to  the  internal  jugular  has  taken  place, 
the  prognosis  is  naturally  more  grave  than  where  the  disease 
is  recognized  before  the  clot  has  extended  downward.  Even 
where  the  jugular  is  involved,  however,  prompt  operative 
treatment  is  usually  efficient  in  saving  life.  Out  of  fifiy-se\'en 
cases  operated  on  by  the  author,  a  cure  resulted  in  forty. 

Pulmonary  involvement  is  not  of  necessity  fatal  if  the 
powers  of  resistance  of  the  patient  are  sufScient.    Death  usu- 
ally occurs  either  from  profound  systemic  infection,  from  the 
development  of  diffuse  meningitis,  from  the  formation  of  a' 
cere!)ral  abscess,  or  from  extensive  pulmonary  involvement. 

Treatment— Theoperative  treatment  proper  in  these  cases 
will  be  discussed  in  the  section  devoted  to  surgery.  This.  I 
believe, should  always  be  adoptcdwhen  the  diagnosis  is  certain. 
The  only  therapeutic  measures  to  be  employed  arc  those  which 
will  most  successfully  combat  the  asthenic  condition.  The 
free  administration  of  stimulants  is  indicated,  alcohol  probably 
bring  the  best,  as  it  acts  both  as  a  food  and  as  a  stimulant. 
When  superficial  abscesses  develop,  they  are  to  be  opened  ac- 
cording to  the  general  rules  of  surgical  practice.  The  exhibition 
of  large  doses  of  quinine  seems  to  be  of  value  in  diminishing 
the  fevrile  movement,  thus  curtailing  the  excessive  tissue 
waste.  ParticiUar  attention  should  I>e  paid  to  the  nutrition 
of  the  patient.  Tlie  systematic  administration  of  milk,  eggs, 
and  other  highly  nutritious  and  easily  digested  foods,  should 
be  placed  in  the  hands  of  an  experienced  nurse,  to  aid  the 
patient  to  combat  successfully  the  infectious  process.  Where 
the  stomach  becomes  intolerant,  the  food  should  be  artifi- 
cially digested  before  it  is  administered.  Rectal  alimenta- 
tion may  be  necessary  in  some  cases. 

Extradural  Adscess. 
This  condition  is  essentially  one  of  localized  purulent 
meningitis,  in  which  the  vis  mcdicatrix  nalunt  has  limited  the 
suppurative  process  to  a  smaller  area  of  meningeal  surface. 
In  this  condition  we  find  the  meninges  adlierent  to  the  inter- 
nal table  of  the  skull,  completely  walling  in  the  purulent  col- 
33 


472 


CWWPLICATlbKS  OF  TYMPANIC  mPLAMMATION. 


lection  and  preventing  the  development  of  diffuse  inflamma- 
tion. Most  commonly  an  abscess  between  the  dura  mater 
and  Die  internal  table  o[  the  skull  is  a  comphcation  of  a  chronic 
suppurative  process  within  the  middle  ear  or  mastoid.  The 
thin  wall  separating  the  lining  membrane  of  the  middle  ear 
and  mastoid  process  from  the  meninges  becomes  necrotic. 
During  the  period  in  which  this  process  is  taking  place  a 
localized  meningitis  of  a  low  grade  is  developed  about  the 
affected  area,  so  tliat  when  the  necrotic  portion  separates, 
the  corresponding  dural  area  is  completely  shut  06  from  the 
general  cranial  cavity.  This  evidently  can  not  occur  when 
the  progress  of  the  disease  is  rapid,  the  development  of  or- 
ganized tissue  taking  place  only  after  a  conaderable  period 
of  time.  A  similar  localized  meningitis  may  occur  from  the 
lodgment  of  an  embolus  or  from  thrombosis  of  a  venous 
tributary,  or  often  of  one  of  the  larger  sinuses.  For  some  rea- 
son the  thrombus  does  not  break  down  rapidly,  but  caxtscs  a 
subacute  inflammation  of  the  tissues  inclosing  it,  so  that  when 
ulceration  takes  place  there  is  no  communication  with  the 
general  ciania!  cavity. 

Symptomatology. — This  condition  produces  few  symp- 
toms characteristic  of  its  presence.  The  two  moat  important 
signs  are  severe  and  continuous  headache,  localized  over  the 
affected  area,  a  moderately  elevated  tein])erature,  seldom 
above  101.5"  or  102*,  winch  undergoes  slight  fluctuations, 
but  seldom  reaches  the  normal  standard.  Localizing  sjTnp- 
toms  are  rare,  no  portion  of  the  motor  tract  being  pressed 
upon. 

When  situated  in  the  cerebellar  fossa,  vertigo  and  vomiting 
may  occur.  Mental  diUlncss  is  met  with  in  the  last  stages 
wiUiout  reference  to  the  location  of  the  abscess,  and  is  prob- 
ably dependent  upon  the  increase  in  intracranial  pressure 
from  effusion  into  the  ventricles.  The  chief  diagnostic  symp- 
toms, however,  are  the  temperature  and  the  headache,  which 
continue  in  spite  of  a  free  opening  in  the  mastoid  process.  The 
temperature  is  not  sufficiently  elevated  to  indicate  thrombosis 
or  meningitis,  this  latter  being  also  excluded  on  account  of 
the  mild  eharact,er  of  the  symptoms,  while  the  absence  of  any 
localizing  manifestations  and  the  elevation  of  temperature 
serve  to  distinguish  it  from  an  abscess  in  the  cerebral  sub- 
stance. The  headache  is  apt  to  be  localized,  and  over  the  pain- 
ful areas  Uic  parts  arc  often  exquisitely  sensitive  to  pressing 
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This  sharply  localized  tenderness  is  of  importance  in  deter- 
TniniiiK  tlui  location  of  the  ahscess. 

Prognosis-^A  collection  of  pus  in  this  situation  may  re- 
main latent  for  a  long  period.  Any  acute  process  involving 
the  middle  ear  or  mastoid  may  excite  it  to  renewed  activity, 
causing  an  acute  diffuse  meningitis  or  rupture  of  the  abscess, 
with  evacuation  Into  either  the  cranial  cavity  or  cerebral  sub- 
stance. Death  may  be  caused  by  the  increased  pressure  if  the 
rupture  is  intracranial,  or  external  rupture  occasionally  takes 
place,  with  abatement  of  the  symptoms.  When  the  abscess  is 
recognized  and  evaaiated,  recovery  is  the  rule.  Out  of 
twenty-five  cases  oijerated  upon  by  the  author,  twenty-three 
recovered  and  two  died.  Sirontaneous  evacuation  through 
the  outer  wall  of  the  cranium,  with  subsequent  favorable 
progress,  has  occurred  in  two  cases  observed  by  Knapp.  The 
abscesses  opened  near  the  occipital  protuberance  in  both  cases. 

Treatment. — Internal  medication  should  be  Umited  to  the 
administration  of  supporting  and  stimulating  agents.  The 
only  curative  measure  is  the  evacuation  of  tlie  abscess,  the 
technique  o(  which  procedure  will  be  described  later. 

Cerebr.\l  Abscess. 

A  localized  purulent  focus  within  the  brain  tissue  may  be 
either  acute  or  chronic  in  its  development.  The  acute  cases 
are  rare,  while  it  is  probable  that  the  most  common  cause 
of  chronic  cerebral  abscess  is  a  purulent  otitis.  These  ab- 
scesses may  be  single  tir  multijile;  they  may  involve  the  cor- 
tex or  the  deeper  regions  of  the  brain,  alnd  may  be  limited 
to  one  side,  or  may  be  met  with  in  l)Oth  cen;liral  hemispheres. 
They  may  follow  either  a  simple  inflammation  within  the  tym- 
panum, with  the  formation  of  pus,  or  a  similar  condition  with- 
in the  mastoid,  an  infectious  thrombosis,  or  an  epidural  puru- 
lent collection.  From  my  personal  experience,  the  temporo- 
sphcnoidal  lobe  is  the  region  most  frequently  involved,  al- 
though K6mer*  finds  the  cerebellum  more  frequently  involved 
than  the  cerebrum.  Out  of  i(X>  cases,  collated  by  the  author.t 
infection  occurred  through  the  tcgnitm  tymjjani  in  forty,  by 
way  of  the  lateral  sinus  in  six,  secondary  to  ejiidural  abscess 
in  six.  through  the  mastoid  antrum  in  six.  secondary  to  infec- 

•CHitiKhen  ErlcrankunpciKJcii  Hirns,  tier  Ilimhautcunihlcr  Blullcitcr.  jj,  6. 
t  American  Jimnial  nf  ilic  Mcilical  Ixiiniccs,  November,  ifuj. 
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tion  through  the  squama  in  two,  secondary  to  eercbeliar 
abscess  in  one,  and  in  nine  no  bone  <lefect  was  found.  Tht- 
route  of  infection  is  not  stated  in  the  other  cases. 

As  a  rule,  they  are  situated  rather  deeply  in  the  cerebtal 
substance,  and  If  left  to  themselves  may  rupture  into  the 
lateral  ventricles.  Discharge  of  the  contents  through  the 
meninges  occasionally  occurs  where  the  accumulation  is  super- 
ficial, and  in  rare  instances  the  pus  finds  its  way  through  a 
perforation  in  the  tympanic  roof,  and  appears  eKtemally  as 
a  discharge  from  the  meatus.  An  abscess  may  remain  lateni 
for  a  period  of  many  years,  being  excited  to  renewed  activity 
by  the  occurrence  of  an  acute  inflammation  of  the  region  pri- 
marily involved. 

Examination  of  many  of  these  abscesses  shows  that  the 
contents  are  sterile,  artificial  cultures  being  entirely  inert. 

Symptomatology. — -The  most  prominent  symptom  of  a 
cerebral  abscess  is  undoubtedly  Iicadache.  This  symptom  was 
prominent  in  seventy-seven  out  of  too  cases  collated  by  the 
author.*  Vomiting  is  a  ver>"  important  sj'mptom,  and  was 
present  in  forty-four  of  the  above  eases.  The  pulse  was  slow 
in  thirty-seven  cases,  and  rapid  in  one  case,  \fental  dullness 
is  a  prominent  symptom,  and  shoidd  attract  attention. 
Convulsive  seizures  may  occur  if  the  motor  tract  is  involved, 
although  these  seldom  appear.  Paral}"tic  or  paretic  symptoms 
are  more  common,  although  these  are  relatively  rare. 

The  favorite  ^Jtc  for  the  development  of  this  abscess  is  in 
the  temporo-sphenoidal  lobe,  and  hence  cliaracteristic  local- 
izing symptoms  are  only  produced  when  the  abscess  has  at- 
tained considerable  sii^;,  in  which  case  it  involves  the  speed! 
area,  and  produces  either  sensor>'  or  motor  aphasia.  The 
aphasia  in  these  cases  is  sometimes  only  recognizable  upon  s 
rather  careful  examination.  The  patient  may  be  able  to 
answer  questions  perfectly,  but  on  being  asked  the  names  of 
various  objects  presented  to  him,  will  hesitate  and  respond 
slowly,  or  may  name  the  article  wrongly.  This^  of  course, 
indicates  involvement  of  that  portion  of  the  brain  through 
whiqh  the  fibres  ninning  from  the  visual  centre  to  the  word 
centre  pass.  In  many  of  these  cases,  if  the  object  presented 
to  the  patient  is  named,  he  is  able  to  repeat  the  name;  for 
instance,  if  a  key  is  sliown  the  patient,  he  may  be  unable  to 
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say  the  word  "key."  yet  will  repeat  it  after  the  examiner  or 
may  say  it  is  for  unlocking  the  door,  desif^ating  the  use  of 
the  article,  but  entirely  forgetting  its  actual  name.  It  goes 
without  saying  that  the  aphasic  symptoms  are  only  present 
where  the  abscess  is  located  upon  the  left  side. 

Tlie  symptom  of  agraphia  is  also  present  in  some  of  these 
cases.  As  the  great  majority  of  the  patients  suffering  from 
severe  intracranial  complications  are  met  with  in  hospital 
practice,  this  manifestation  is  not  as  important  a  diagnostic 
feature  as  is  that  of  aphasia,  many  of  these  patients  not  being 
able  to  write  at  all  or  at  the  best  writing  very  poorly. 

Sometimes  localizing  symptoms  are  wanting;  this  is 
especially  true  if  the  abscess  is  situated  upon  the  right  side, 
in  which  case  the  speech  centres  would  not  be  involved.  The 
asthenic  condition  is  more  indicative  of  the  aiTection  than 
is  any  special  manifestation.  From  a  rapid  increase  in  the 
size  of  the  abscess,  local  or  general  convulsions  may  occur; 
the  pulse  may  be  accelerated  in  acute  cases,  the  relation  Ije- 
tween  the  pulse  and  the  temperature  being  the  same  as  that 
characteristic  of  meningitis.  In  the  chronic  cases  development 
is  so  insidious  that  the  first  symptom  noticed  is  a  condition 
of  marked  physical  impairment.  The  mental  status  furnishes 
valuable  information  as  well,  the  patient  being  irritable  at 
times,  while  at  other  times,  he  is  either  inattentive  or  even 
somnolent.  This  condition  of  heljctudc  gradually  deepens 
to  one  of  coma.  The  temi>craturc  is  seldom  elevated  alxtve 
99**;  the  pulse  is  usually  slow,  occasionally  intermittent. 
Headache  of  a  dull,  diffuse  character  is  complained  of  in  cases 
of  long  standing.  Sometimes  sleeplessness  is  the  only  symptom 
for  which  Uio  patient  seeks  advice. 

The  termination  of  the  case  is  usually  sudden,  death  taking 
place  from  rupture  into  the  ventricles  or  from  compression  or 
destruction  of  the  vital  centres. 

Diagnosis, — The  recognition  of  the  presence  of  a  cerebral 
abscess  is  exceedingly  difficult.  The  persistent  headache,  slow 
pulse,  vomiting,  mental  dullness,  which  is  gradually  progres- 
sive, are  all  significant  of  the  presence  of  pus  within  the  brain. 
Localizing  symptoms,  if  present,  naturally  render  the  diagno- 
sis easy.  In  addition  to  these  symptoms,  the  gradual  impair- 
mcnt  of  the  general  condition  of  the  patient  from  no  assignable 
cause,  is  a  sign  which  should  always  be  borne  in  mind. 
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was  present  in  about  50  per  cent,  and  this  symptom  she 
always  be  looked  upon  with  suspicion.  Vertigo  is  a  sympt 
of  considerable  moment,  and  was  noted  in  30  per  cent  of  the 
series  of  cases  collated.  Nystagmus  is  a  symptom  of  impor- 
tance. The  nystagmus  is  usually  toward  tlic  affected  side. 
Nystagmus  toward  tlie  affected  side,  with  failure  to  react  to 
the  caloric  test.  Is  a  very  significant  symptom  of  cerebellar 
abscess.  The  pulse  is  usually  slow  in  these  cases,  owing  to 
the  increased  intracranial  pressiu-e.  In  three  of  the  cases 
which  have  come  under  my  observation,  the  patients  have 
died  suddenly  and  luidoubtedly  from  rupture  of  the  abscess 
into  the  fourth  ventricle,  and  the  condition  was  discovered 
only  upon  autopsy-  In  one  of  these  cases,  persistent  head- 
ache was  complained  of.  The  temperature  in  these  cases 
may  be  somewhat  elevated,  although  it  is  seldom  high  until 
just  before  a  fatal  termination.  In  three  cases  which  have 
recently  come  luider  observation,  the  temperature  did  not 
go  above  101°  until  twenty-four  hours  prior  to  the  time  of 
death.  Two  of  these  cases  had  a  sudden  and  inexplainable 
rise  of  temperat-ure,  followed  by  general  con\'ulsions,  coma, 
and  death,  fn  the  third  case  the  coma  supervened  imme- 
diately after  operation.  A  brain  abscess  had  been  suspected 
at  the  time  of  operation,  which  consisted  simply  in  the 
radical  procedure  for  tlie  relief  of  a  longstanding  piunleni 
otitis.    The  cereb<;llar  abscess  was  discovered  after  death. 

It  will  be  seen  from  the  history  of  these  cases,  and  from 
many  others  reported  in  literature,  tliat  the  symptoms  of  this 
condition  arc  most  obscure.  Where  such  symptoms  as  vomit- 
ing, unsteadiness  in  gait  or  nystagmus  are  present  in  any  case 
suffering  with  an  aural  discharge  which  has  lasted  for  some 
weeks,  the  possibility  of  cerebellar  involvement  should  always 
be  borne  in  mind. 

Diagnosis. — The  recognition  of  this  condition  presents 
many  difficulties.  I  think  we  may  say  that,  as  a  general  nie, 
a  cerebellar  abscess  will  only  be  recognized  upon  the  operating 
table.  It  may  be  suspected  if  the  symptoms  characteristic  <A 
this  condition,  and  noted  in  the  previous  paragraph  on  Symp- 
tomatology, are  present.  As  these  are  very  frequently  absent, 
however,  the  surgeon  will  probably  simply  make  the  diagnosis 
that  the  patient  is  suffering  from  some  intracranial  lesion  of 
otitic  origin,  and  the  presence  of  the  cerebellar  abscess  will  be 
discovered  upon  an  exploratory  craniotomy.    An  cxamiaatiOT 
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of  the  fundus  ocuH  will,  in  many  of  these  cases,  reveal  the  pres- 
ence of  a  choked  disk.  The  siirgeon  will  consider  the  cerebel- 
lum the  probable  site  of  the  lesion,  when  the  symptoms  point 
to  an  intracranial  collection  of  pus,  and  the  localizing  symp- 
toms characteristic  of  either  cerebral  abscess  or  basilar  men- 
ingitis arc  absent.  It  should  be  remembered  that  a  cerebellar 
abscess  not  infrequently  causes  an  acute  dilatation  of  the 
lateral  ventricles,  and  that  the  symptoms  may  be  simply 
those  of  serous  meningitis.  Dilatation  of  the  ventricles  may 
be  found  at  the  time  of  the  exploratory  operation,  and,  under 
these  conditions,  it  is  always  wise  to  explore  the  cerebellum, 
in  order  to  find  a  possible  cause  for  this  ventricular  effusion. 

Prognosis. — As  the  condition  is  so  difBcult  of  recognition, 
the  prognosis  is  naturally  unfavorable.  If  the  disease  can  be 
recognized  and  the  pus  evacuated,  the  patient  has  a  fairly 
good  chance  of  recover^'.  Macewen*  reports  four  cases 
Ojjcrated  upon  by  himself,  all  of  which  recovered. 

Komerf  reports  twenty-nine  recoveries  out  of  fifty-five 
collated  cases  operated  upon. 

Out  of  one  hundred  and  two  cases  of  cerebellar  abscess, 
collated  by  the  author.J  axty-nine  died  and  thirty-three 
lecovered. 

Treatment. — As  in  the  case  of  cerebral  abscess,  the  only 
hope  of  recovery  lies  in  operative  treatment.  The  technique 
will  be  described  later.  It  is  interesting  to  note  that  in  the 
cases  collated  by  the  author  5  that  in  forty-five  cases  the  ab- 
scess was  opened  behind  the  lateral  sinus;  twenty-five  cases 
were  cured  and  twenty  died.  In  eleven  cases  the  abscess  was 
opened  in  front  of  the  sinus;  four  recovered  and  seven  diefl. 
In  forty-six  cases  the  method  of  operation  was  not  stated; 
four  cases  recovered  and  forty -two  died. 
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Under  this  section  wc  shall  consider  those  procedures  de- 
manded by  various  patliological  conditions  afltctin}^  this  por- 
tion of  the  body.  Willie  the  term  embraces  .nil  operations 
upon  the  auricle,  canal,  tympanum,  mastoid,  and  adjacent  re- 
gions, it  is  evident  tiiat  many  of  these  belong  more  to  the  do- 
main of  general  than  of  special  surgery.  In  this  section  wc 
shall  confine  ourselves  to  those  opcratinns  which  arc  not  con- 
sidered in  detail  in  works  on  general  surgery  and  which  are 
of  interest  to  those  engaged  in  special  work. 

For  this  reason  operations  for  the  removal  of  neoplasms  of 
the  auricle  or  for  the  correction  of  deformities  of  the  external 
ear  will  not  be  described.  On  the  other  hand,  the  frequent 
occurrence  ctf  intracranial  complications  as  the  result  of  aural 
suppuration  renders  the  consideration  of  the  proper  treat- 
ment of  such  affections  imperative. 


CMAPTKH    XXVri. 


MJr>nt.E-FAR  ni'FRATIONS. 


Preparations  Hhki.iminarv  to  Operations  upon  tup, 
TvMi'ANic  Cavity". 

Instruments. — Every  operator  will  from  habit  develop  a 
preference  for  some  particular  form  of  instrument  which  in 
his  hands  will  be  more  valuable  than  one  of  another  pattern. 
Emphasis  should  he  laid  upon  the  fact  that  in  this  branch  of 
surgery,  as  in  all  its  branches,  the  object  to  be  attained  should 
be  kept  in  mind  rather  than  the  particular  appliance  with 
which  it  is  to  be  ejected.    In  a  general  way  the  operator 
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a  number  of  years  I  have  employed  with  great  success  a  scries 
of  instruments  Ihc  blades  of  which  arc  lorgcd  from  small  slccl 
wire  of  the  correct  size  (Fig.  123).  The  shaft  of  each  instru- 
ment is  provided  with  a  screw  thread  which  enables  it  to  be 
fastened  firmly  into  a  small  handle  made  of  octaj;onaI  brass 
rod.  The  shank  of  the  knife  is  left  malleable,  which  permits 
of  its  being  bent  at  an  angle  with  the  handle,  or  being  used  as 
a  straight  instrument,  acciirding  to  circumstances.  These 
instruments  are  comparatively  cheap,  and  this  is  a  matter  of 
considerable  consequence,  as  the  instruments  become  useless 
after  a  few  operations.  It  is  important  that  all  knives  should 
possess  sutTicient  thickness  at  the  back  to  permit  the  blades 
to  be  honed  to  a  keen  edge.  No  cutting  instrument  which  is 
thin  and  spatula-like  can  be  brought  I0  a  fine  edge,  no  matter 
bow  much  care  is  exercised.  Too  much  stress  can  not  be  laid 
upon  the  necessity  of  having  all  cutting  instruments  as  sharp 
as  care  and  art  can  make  them.  It  may  seem  superfluous  to 
lay  much  stress  upon  this  point,  but  it  is  so  commonly  neg- 
lected in  aural  surgery  that  I  feet  warranted  in  emphasizing 
it  here. 

Concerning  the  preparation  of  the  instruments  for  opera- 
tion, immeriiinn  in  a  boiling  soda  solution  of  the  strength  of 
one  per  cent  has  in  all  cases  proved  satisfactory.  The  larger 
instruments,  such  as  forceps,  probes,  specula,  etc..  may  be  al- 
lowed  to  remain  in  the  boiling  sululion  fur  from  three  to  five 
minutes.  Delicate  knives,  however,  should  be  simply  im- 
mersed for  a  moment  and  then  withdrawn. 

Preparation  of  the  Field  of  Operatioa.— Where  there  has 
been  no  discharge  from  the  external  auditory  meatus  it  usu- 
ally suffices  to  cleanse  thoroughly  the  ear  at  the  time  of  the 
operation  by  means  of  a  solution  of  bichloride  of  mercury  of 
the  strength  of  i  to  3,000  in  equal  parts  of  alcohol  and  water, 
the  lotion  being  applied  by  means  of  a  cotton-tipped  probe. 
The  walls  of  the  canal  should  be  thoroughly  scrubbed  so  as 
to  remove  not  only  any  superficial  deposit  which  may  be  pres- 
ent, but  also  any  desquamated  epithelium  which  may  adhere 
closely.  It  is  better,  however,  to  precede  this  cleansing  by 
having  the  car  syringed  once  daily  upon  the  two  days  preced- 
ing the  operation  with  an  aqueous  solution  of  the  bichloride 
of  mercury  of  the  strength  of  i  to  5,000,  the  canal  being  oc- 
cluded by  a  pledget  of  sterilized  cotton  immediately  after  the 
irrigation  and  the  pledget  allowed  to  remain  t'ti  siiu  until  the 
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next  cleansing.  It  is  a  fact  not  ordinarily  recognized  that 
low  vegetable  organisms,  such  as  various  lornis  of  asjjcrgillus, 
arc  encountered  quite  frequently  in  the  external  auditory 
meatus,  and  in  no  small  degree  tend  to  excite  iriflamcnalorf 
acticm  »fter  operative  procedures;  and  it  is  for  the  purpose 
of  thoroughly  eradicating  these  growths  from  the  field  of 
operation  that  the  above  measures  arc  advised,  even  in  casts 
where  the  canal  seems  perfectly  clean.  Where  there  has  been 
an  otorrhoca  of  long  standing  it  is  still  more  necessary  to 
cleanse  the  parts  thoroughly  by  irrigation  with  antiseptic  lo- 
tions before  resorting  to  any  operation.  Thorough  syringing, 
either  once  or  several  times  daily,  according  to  the  amount  o( 
discharge,  is  imperative  for  at  least  Ave  days  before  any  op. 
crativc  procedures  are  attempted.  The  particular  antiseptic 
choseti  is  a  matter  of  little  importance  ;  the  bichlortde^f-mcf- 
cury  solution  oi  the  strength  of  I  to  S,ooo,  or  a  dilute  solutioD 
of  peroxide  of  hydrogen,  or  of  carbolic  acid  i  to  50.  or  a  satu- 
rated solution  ijf  boric  acid,  arc  all  fairly  efficient.  Eithcrs 
lew  hours  before  the  operation  or  immediately  preceding  it 
the  field  should  be  cleansed  with  the  alcoholic  solution  in  (be 
manner  mentioned  before. 

Where  proper  attention  has  not  been  paid  (o  clcanlin«s, 
we  frequently  find  in  old  cases  of  oiorrhoea  that  the  tympi- 
num  is  filled  with  exuberant  granulations  due  to  the  effect  o( 
heat  and  moisture,  as  well  as  to  the  presence  of  necrosed  bone. 
Cleansing  will  do  much  to  reduce  these  efflorescent  masses. 
but  it  may  be  necessary  to  curette  thoroiighlv  the  entire  ca*- 
iiy  before  any  further  operative  measure  is  employed,  in onler 
that  the  extreme  vascularity  of  the  parts  may  not  interfere 
with  a  delicate  operation  in  such  a  limited  field.  Where  evul- 
sion is  not  indicated  the  actual  or  chemical  cautery  may  re- 
duce the  granulations  sufficiently. 

AnK3tlic8».~-Whtrc  ihc  niembrana  timpani  is  prc&cni  it  is  usiutlypn- 
siblc  to  perform  ihe  various  op<ranons  upon  the  middle  <aT  under  local  mm- 
Ihesia,  providril  the  pniirnC  possesses  »  fair  amount  of  wlf-control.  Wbrt 
lilt-  meiiibrana  lympfini  is  to  be  incised  for  the  relief  of  an  acute  intlimpiuwy 
prnicH^  nf  thir  middle  car.  the  procedure  is  rendered  criirdy  |>aitiI(S3  liyni- 
traus  oxide  anaesthesia.  In  operations  h.ivirjj  for  tlicir  object  an  iiopw^ 
menl  of  ihe  hearing  il  is  pariicuiarly  advantii||rrijus  ihat  ilic  paiicnt  shill  n- 
l;»in  consciousness  throuKhoul,  in  order  ihftt  the  retults  of  the  vahoiti  tif* 
may  be  closely  nolcil.  The  primary  incision  ilirough  the  mcmhnine  b  ifc* 
only  slcp  attended  yt'nh  pain,  and  this  is  insigniiic.ini  where  the  kmle  is  «» 
proper  condition.     Absolute  atiicsthesia  is  obtained  subsequently  by  touchR^ 
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!ic  edges  of  the  irK'ision  with  a  cotton •li]>pe<i  probe  moistened  nilh  ji  len-prr- 
ent  solutinn  of  cocnine.  the  probe  beifi);  stibsrquenlly  inlToduced  inio  ihe 
irmpank  cavicy  lo  anHrsihetixc  iis  lining  membrane.  As  the  local  application 
cocaine  to  the  middle  ear  may  be  followed  by  unpleasant  constlimional 
neffccts  in  certain  ancs.  it  i»  nficn  wise  to  use  first  cotiiinc,  and  (Men  a  two- 
per-cent  Mluiion  of  ciicaine  (B).  The  only  disadvant^ifje  of  llie  latter  (in>(j  is 
that  it  causes  considerable  bypcra^mia.  Alypin  may  also  be  used  in  cases  where 
cocaine  is  known  to  produce  conwitmional  sy-mptoma.  Bleeding  is  sometimes 
annoying,  in  llifii  It  prevents  the  sitrjjeon  from  viewing  the  operative  field  thor- 
oughly, snd  here  the  iise  n(  a  sterllixni  solDiion  of  atlrmalin  chloride,  of  3 
strength  of  1-3^00.  is  of  great  value.  This  solution  is  applied  10  the  middle  car 
i^roBgh  the  incision  in  iJie  drum  membrane,  by  means  of  a  cotton-tipped  probe. 
The  Position  of  the  Patient, — Since  we  are  aecuiitoincd  to  inspect  the 
with  the  patient  either  In  an  erect  or  semi-recumbent  posture,  it  is  some- 
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Fig.  124. — Autliof's  head  and  shotdder  rest. 

what  incotivetiienl  to  operate  with  the  subject  in  the  horizontal  poshlon,     f  f  a 
Igrnrrat  aiix^sthetic  is  necesvary  the  upright  iiosition  i«  not  available,  but  here 
,  ia  always  advianhlc  to  operate  with  the  shoulders  elevated  so  that  the  head 
easily  be  turned  in  any  direction.    The  r»l  shown  in  Fig.  134  will  be 
'found  convenient  in  securing  this  end  if  a  suitable  operating  chair  or  labLc  is  not 
at  hand, 
^b  Classification  of  Opkrations. 

■follow 


The  various  in tratym panic  operations  may  be  classified  as 
tfoUows : 

I.  Operations  involving  the  Afembrana    Tympani  alone,  cotn- 
ing,  (a)  Perforation  ol  the  membrane  (myringotomy),    {b) 

Eemoval  or  destruction  of  a  segment  of  the  membrane  to 
establish  a  permanent  opening  (partial  myringcctomy).  {c) 
Single  or  multiple  incision  of  the  membrana  tympani  to  cor- 
rect anomalies  of  tension.  (We  include  here  section  of  the 
posterior  fold,  or  plicotomy.) 

II.  Operations  itnvh'ing  the  Intratympanit  Soft  Parts. — (d) 
|Tcnotomy   of  the   tensor  tympani    muscle,    {p)   Section   of 
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the  anterior  ligament  of  the  malleus.    {()  Section  of  adhesioRs 
resulting  from  suppurative  or  nonsuppurative  inflammation. 

111.  OperatwHS  involving  the  Ossitular  Chatit.^^a)  Excision 
of  a  portion  of  the  malleus.  (*)  Disarticulation  at  the  iticudo- 
stapedial  joint,  or  division  of  the  long  arm  of  the  incus,  with 
mobilization  of  the  stapes,  (c)  Plastic  operations  fttr  uniting 
either  the  stapes  or  the  incus  to  the  mcmbrana  tjmpani 
directly,  id)  Excision  of  individual  ossicles,  or  of  the  entire* 
ossicular  chain. 

I.  Operations  involving  the  Membr.^na  Tvmpani  auink. 

(a)  Myringotomy. — A  simple  incision  through  the  drum 
membrane  may  be  performed  cither  to  evacuate  fluid,  to 
deplete  the  parts,  or  for  the  purpose  of  exploration.  Former- 
ly the  drum  membrane  was  considered 
so  important  a  structure  that  interfer- 
ence with  it  was  seldom  deemed  justi- 
fiable. Too  much  can  not  be  said  lor 
the  ])urpose  of  correcting  this  error. 
Granting  that  the  instruments,  the  field 
of  operation,  and  the  operator  are  asep- 
tic, an  extensive  incision  through  tltc 
structure,  even  in  a  state  of  health,  will  be 
followed  by  no  untoward  consequences. 
The  linear  wound  will  heal  completely 
within  twenty-four  hours  and  the  func- 
tion of  the  organ  will  in  no  way  be  in- 
terfered with.  For  whatever  purpose 
the  procedure  is  employed,  it  should  al- 
ways be  remembered  that  the  incision 
should  be  free  rather  than  limited  Jn  ex- 
tent. Formerly,  for  the  evacuation  of 
fluid  within  the  tympanum  it  was  the 
custom  to  "puncture"  the  drum  mem- 
brane with  a  small  lancc-sh.iped  knife 
(Fig.  125).  The  failure  to  secure  speedy 
convalescence  was  then  attributed  to  the  operation.  At  the 
present  day,  when  we  wish  to  evacuate  fluid  from  the  tym- 
panum, the  parts  are  freely  incised  and  the  cavity  emptied, 
and  at  the  same  time  the  vascular  turgcsccncc  is  relieved, 
so  that  the  cut  edges  approximate  closely  and  unite  ^  the 
end  of  a  few  hoars. 


Fig.  135-— -Myriniiolomc. 
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Operation. — The  field  of  operation  and  the  instruments 
being  thoroughly  aseptic,  the  surgeon  exposes  the  fundus  of 
the  canal  by  the  insertion  ol  a  speculum  of  the  proper  size. 
The  site  ol  election  for  perforating  the  drum  membrane  varies 
according  to  the  manifestations  in  each  particular  case.  If 
fluid  is  to  be  evacuated  our  incision  should  commence  al  the 
most  prominent  point  and  should  extend  cither  upward  or 
downward  through  the  bulging  portion.  Section  is  most 
effective  by  using  the  sharp  knife  shown  in  Fig.  123.  e.  If  the 
bulging  involves  chiefly  the  upper  part  of  the  drum  mem- 
brane the  knife  should  be  carried  into  the  canal  with  the  cut- 
ting edge  upward.  Its  point  is  entered  at  the  apex  of  the 
tumefaction  and  carried  rapidly  through  the  drum  until  it  im. 
pingcs  upon  the  internal  tympanic  wall,  after  which  it  is  made 
to  cut  upward  toward  the  periphery  as  far  as  may  seem  neces- 
sary {Fig.  97).  As  the  must  [iromincnt  region  is  almost  in- 
variably in  the  posterior  quadrant,  and  usually  in  the  poslerO' 
superior,  care  must  be  taken  to  avoid  striking  the  long  [tor- 
tion  of  the  incus  with  the  point  of  the  knife.  When  the  pri- 
mary incision  is  made  the  malleus  shaft  can  usually  be  suffi- 
ciently well  made  out  to  be  avoided  :  but  if  the  knife  impinges 
upon  this  the  operator  will  have  failed  to  secure  a  proper 
opening,  the  resistance  being  firm  and  the  knife  seldom  glid- 
ing off  so  as  to  pa.ss  through  the  membrane  and  evacuate  the 
contents  of  the  cavity.  To  avoid  injuring  the  incus  and  stapes 
it  is  necessary  that  the  operator  should  hold  the  instrument 
delicately  between  the  thumb  and  finger  in  making  the  up* 
ward  stroke,  when  contact  with  these  structures  *ill  be  im- 
mediately recognized,  and  the  blade  may  be  slightly  turned 
so  as  to  avoid  thcni.  Where  the  most  proniinetlt  area  corre- 
sponds to  the  lower  half  of  the  tympanic  cavity  incision  in  the 
opposite  direction  is  usually  more  convenient.  In  this  case  the 
knitc  is  introduced  in  the  canal  with  the  cutting  edge  down- 
ward. Here  no  important  structures  can  be  encountered  and 
the  procedure  is  relatively  simple.  It  is  usually  wise  to  make 
this  incision  somewhat  curvilinear,  following  the  peripheral 
attachment  of  the  membrane,  the  incision  passing  close  to  the 
cartilaginous  ring.  Approximation  is  more  perfect  when  the 
wound  is  located  here  and  cicatrization  correspondingly  more 
rapid.  In  alt  cases  attended  with  congestion  or  an  inRamma- 
tory  process  the  inner  tympanic  wall  should  be  incised  at  the 
same  time  to  secure  local  depletion.    Regarding  the  absolute 
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extent  of  the  incision,  it  is  seldom  wise  that  this  should  be 
shorter  than  one  half  of  the  long  diameter  of  the  membrane 
if  lying  in  a  vertical  direction,  or  less  than  one  fourth  o(  the 
periphery  if  located  near  this. 

It  is  well  to  remember  that  the  plane  of  the  mcmbrana 
tympani  is  obliquely  placed  to  both  the  horizontal  and  vertical 
transverse  planes  of  the  body.  An  instrument  introduced 
into  the  meatus  and  carried  horizontally  inward  will  frequent- 
ly not  pass  through  the  drum  membrane,  but  will  be  de- 
flected from  its  surface  and  inflict  but  a  supcrficinl  wound. 
This  is  particularly  true  when  the  bulging  involves  the  supe- 
rior segment,  and  in  children.  In  order  to  enter  the  tym. 
panic  cavity  the  knife  must  be  passed  not  only  inward,  but 
inward  and  upward,  and  even  after  the  point  has  passed 
through  the  membrane  the  handle  should  be  strongly  de- 
pressed, so  as  to  carry  the  blade  well  up  into  the  cavity.  In 
an  infant  the  plane  of  the  membrane  is  nearly  horizontal,  and 
unless  particular  attention  is  given  to  this  fact  the  operation 
will  be  inefficiently  performed.  It  is  well  in  operating  upon 
a  young  child,  and  even  upon  an  adult  where  the  canal  is  nar- 
row, to  employ  a  curved  knife  (Fig.  87)  rather  than  a  straight 

one,  as  an  extensive  incision  is 
more  easily  made  if  i  his  is  done. 
Where  myringotomy  is  per- 
formed for  depletion  alone  in 
those  cases  where  the  acute  in- 
Hamrnatory  process  has  begun 
in  the  vault  of  the  tympanum, 
the  atrium  remaining  free,  our 
success  in  aborting  the  attack 
will  depend  largely  upon  the 
thoroughness  with  which  we 
divide  the  connective -tissue 
structures  lying  in  the  tym- 
panic vault.  In  such  a  case  the 
knife  should  be  introduced  with 
the  blade  lying  in  the  horizon- 
tal plane,  the  cutting  edge  look- 
ing backward  (Fig.  126).  The 
point  punctures  the  drum  membrane  just  above  and  behind  the 
short  process  o(  the  malleus,  the  knife  being  passed  upward 
and  inward  and  a  little  backward,  to  avoid  the  body  of  ii*" 


Fig.  is6.  — Inctaiunof  Shnpiicir«  mem- 
brane in  the  early  itiagcs  of  xculc 
puruIcDt  olitcs.  (The  cvnilnuiction 
of  111*  incitioD  upon  tlic  nupcriot 
wall  of  the  canal  in  iniiicalol  hy  the 
dotted  line.) 
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incus.  The  incision  is  ihcn  carried  horizontally  backward  to 
the  perifihery,  when  the  culling  edge  of  the  knilc  is  lurntd 
upward  :ind  the  incision  cxlcttdcd  lor  :l  shnrl  distiinCL*  ijlung 
the  superior  wall  of  the  canal  (as  shown  by  the  dotted  line  in 
Fig.  136).  This  severs  the  numerous  lediiplications  of  mucous 
membrane  and  efficiently  depletes  this  region  and  the  lining 
membrane  of  the  mastoid  antrum. 

F.xploratory  Myringotomy. — When  it  seems  desirable  to 
explore  the  interior  of  the  tympanum,  the  end  is  most  easily 
attained  by  reflecting  a  fl.ip  of 
the  membrana  tympanj.  As  the 
region  demanding  particular  in- 
spection is  that  occupied  by  the 
incudo-slapedial  arliciilatiunand 
the  niches  of  the  oval  and  rntind 
vrindows,  the  Acid  of  operation 
lies  in  the  posterior  segment. 
This  has  been  proved  to  be  the 
part  possessiufi;  the  least  tactile 
sensibility. and  primary  incision, 
if  located  just  within  the  clear 
membrane  close  to  its  posterior 
border  and  midway  along  llie 
periphery,  can  be  made  with 
scarcely  any    pain.     The   knife 

should  possess  so  keen  an  edge  and  so  sharp  a  point  thai  it 
will  penetrate  the  delicate  sejilum  by  its  own  wciglit.  The 
puncture  should  be  made  within  the  clear  membrane  to 
avoid  hemorrhage,  and  especial  care  is  to  be  taken  that 
the  mucous  membrane  over  the  internal  wall  is  not  wounded, 
for  the  same  reason.  Alter  a  short  incision  has  been  made 
in  this  region  a  icn-per^ccnt  solution  of  cocaine  is  applied  to 
[is  margins  by  means  of  a  cotton-tipped  probe,  after  which 
the  section  is  carried  upward  along  the  peripheral  attach- 
ment to  the  posterior  fold,  then  forward  just  below  this  to  the 
short  process  of  the  malleus,  where  it  again  turns  downward 
and  runs  parallel  with  the  manubrium  and  posterior  to  it  (Fig. 
127).  U  is  usually  necessary  to  repeat  the  process  of  antes- 
thclizing  several  times  before  the  incision  is  completed,  but  if 
this  is  carefully  done  not  the  slightest  pain  is  experienced. 
The  flap  now  falls  outward  and  the  tympanic  cavity  lies  open 
to  inspection  (Fig.  136).    In  the  great  majority  of  cases  the  in- 
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cudo-stapedial  articulation  will  readily  be  seen,  and  the  de- 
gree of  tiiobility  of  the  stapes  and  the  amount  of  molioii  pos. 
$ible,.it  the  raallco-incudat  joint  can  be  determined  by  manip- 
ulation with  a  cotton-tipped  probe  or  by  passing  a  delicate 
liiKik  behind  the  descending  arm  of  Ihe  incus.     If  the  round 
winduw  is  not  exposed,  or  if  the  flap  does  not  turn  readily, 
the  original  incision  may  be  extended  downward  along  the 
posterior  peripheral  margin  as  far  as  the  inferior  pole.    Dis- 
placement of  the  flap  may  not  expose  the  incudostapedial ar- 
ticulation and  the  niche  of  the  round  window  in  some  cases, 
as  these  may  be  covered  by  the  fold  of  the  posterior  pocket 
or  by  certain  irregular  reduplications  of  the  mucous  meta- 
brane.    These  folds  may  be  so  delicate  that  ihey  arc  recog- 
nized with  difficulty  and  yet  hide  comptetelv  the  landmarks 
within  the  tympanum.     If  the  various  landmarks  arc  not  seen 
upon  reflection  of  the  flap,  the  sharp-pointed  knife  should  be 
used  to  make  one  or  two  short  vertical  incisions  through  the 
membrane  over  the  inner  tympanic  wall.    The  edges  of  the 
incisions  separate,  from  the  elasticity  of  the  membrane,  and 
the  landmarks  appear.    The  cavity  having  been  explored  and 
the  indicated  measures  adopted,  the  flap  may  be  replaced  aixJ 
held  in  position  by  a  bit  of  thin  sized  paper  which  has  bceo 
previously  soaked  in  a  solution  of  bichloride  of  mercury  (i  to 
3,oc»).     This  paper  dressing  is  fntroduced   into  the  meaius 
cither  on  the  end  of  a  cotlon-tipped  probe  or  by  means  of  a 
forceps,  and  is  placed  upon  the  surface  of  the  drum  mem- 
brane, and  by  mani[)ul»tion  made  to  slide  over  this  until  the 
flap  is  replaced.  When  further  manipulation  carries  the  paper 
disc  over  the  line  of   incision,  sealing  it  and   retaining  the 
edges  in  position  by  its  adhesion  to  the  surrounding  intact 
surface.    At  the  end  of  one  or  two  days  the  healing  process 
is  complete,  and  the  pajier  is  subsequently  thrown  out  by 
the  outward  growth  of  the  epithelial  layer  of  the  mcmbDoa 
tympani. 

{b)  Partial  Mp'iMgecfomy. — It  is  seldom  possible,  by  iheei' 
cision  of  any  portion  of  the  membrana  tympani  or  by  destnto 
tion  by  caustic  agents,  to  secure  a  permanent  opening  ihrougli 
the  drum  membrane.  When  we  desire  to  determine  whit 
the  effect  of  a  permanent  opening  would  be  in  any  f»ivcii  ca«i 
a  partial  myringectomy  will  enable  us  to  attain  this  end,  al- 
though the  opening  will  usually  close  at  some  subsequCDt 
period. 
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The  operative  technique  consists  in  the  excision  of  a  Rap 
which  is  to  be  lorraed  in  the  maimer  already  describee!  in  ex- 
ploratory myringutomy.  If  caustic  agents  are  to  be  used,  a 
minute  drop  of  the  concentrated  sulphuric  acid  is  applied,  by 
means  of  a  cotton-tipped  probe,  to  the  area  chosen  for  per- 
loration,  care  being  taken  that  no  acid  in  excess  of  what  is  re- 
quired tosaturatc  the  cotton,  is  conveyed  into  the  canal.  The 
instrument  is  carried  rapidly  through  the  canal  and  ]ircsscd 
against  the  membrane  lor  a  few  seconds,  causing  a  rapid  nc> 
crosis  of  all  the  layers,  the  affected  portion  becoming  of  a  dcad- 
whitc  color.  The  probe  easily  breaks  down  this  necrotic  tis- 
sue and  enters  the  tympanic  cavity.  There  is  but  slight  pain, 
and  i(  care  is  taken  to  use  but  Utile  acid  there  is  seldom  any 
reaction.  Thegalvano-eautcry  maj*  be  employed  in  the  same 
manner.  Comparing  these  three  methods,  excision  is  un- 
doubtedly the  safest  plan,  but  it  is  the  most  difBcult  to  ac- 
complish, the  removal  of  the  small  flap  being  by  no  means 
easy.    The  small  scissors  shown  in   Fig.  128  will  be  found 


Fic.  199.— Author's  tauon  for  middle-eu  opcmlions. 


u«;eful  in  separating  (he  flap  when  it  is  attached  by  a  narrow 
pedicle  only.  When  the  flap  can  not  be  cxciscd.it  may  be 
folded  upon  the  outer  surface  of  the  membrane,  the  pedicle 
by  which  it  is  attached  being  made  as  narrow  as  possible. 
Unless  the  flap  is  replaced,  the  oi)cning  will  remain  patent  lor 
Irotn  two  to  six  weeks,  during  which  time  the  conditions  are 
much  more  lavorable  for  observation  than  where  resort  has 
been  had  to  undue  violence  completely  to  excise  the  flap, 
or  where  the  parts  have  been  irritated  by  either  an  cscharotic 
or  the  actual  cautery. 

(e)  Af«//i/>U  Incision  of  the  Membrana  Tympani. — Politzcr* 
and  Grubert  both  propose  this  operation,  but  lor  exactly 
opposite  conditions,  the  former  advising  it  where  the  mem- 
brana  is  much  relaxed  as  the  result  of  the  cicatrization  of  a 
larger  perforation,  while  the  latter  employs  it  to  rclievft  in- 
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creased  tension,  the  result  of  an  inflammatory  process.  Gm 
bcr  advises  that  several  incisions  be  made  Irom  the  centre  ot 
the  membrane  toward  the  periphery,  through  the  dense  areas, 
the  adjacent  incisions  being  connected  by  iranverse  cms.  ihe 
lines  of  section  forming  the  iclter  H.  Where  it  seems  advisa- 
ble to  employ  the  procedure  for  a  relaxed  conditioo,  it  is  nccet 
sary  only  to  divide  the  cicatrix  completely,  or  in  some  cases 
to  excise  a  portion  of  it.  It  would  be  exceptional  lo  find  any 
permanent  benefit  from  this  operation,  since  the  newly  formed 
cicatrix  must  soon  become  relaxed. 

Plicotemy. — The  posterior  fold  of  the  mcmbrana  lympani 
may  be  divided  for  the  relaxation  of  tension,  either  in  the 
direction  of  or  at  right  angles  to  its  long  axis.  When  it  is  to 
be  divided  transversely  the  point  of  the  knife  is  entered  jtisl 
above  the  posterior  (old,  midway  between  its  posterior  ei- 
tremiiy  and  the  short  process  of  the  malleus.  After  piercing 
the  membrane  a  cpiick  downward  stroke  severs  the  tense  band. 
In  order  that  immediate  reunion  shall  not  take  place  Politzer- 
ization or  inflation  by  means  of  the  catheter  should  be  prac- 
ticed daily  for  four  or  five  days. 

The  longitudinal  section  of  the  fold  needs  no  special  de- 
scription. The  knife  punctures  the  membrane  just  below  ibc 
fold  near  the  anterior  or  ])osterior  end  and  divides  horizon- 
tally the  tissues  immediately  below  the  band.  It  thus  seven 
any  radiating  6brcs  and  relaxes  the  tension. 

II.  Operations  in  which   the  Various  Muscular  or 
Fjbrous   Structures    within   the   Tvmi'anum  ark 

DIVIDED. 

((?)  Tenolcmy  of  the  Tensor  Tympani  Muscle. — This  proce- 
dure was  proposed  by  HyrtI,*  although  F.  E.  Wcbcrf^'^s 
the  first  to  perform  it  upon  the  living  subject.  The  indic* 
tions  for  its  performance  have  been  sufficiently  stated  in  an 
earlier  portion  of  the  volume. 

Since  in  a  sclerotic  condition  of  the  mucous  membrane  ol 
the  middle  ear  tactile  sensibility  is  much  diminished,  it  is 
usually  stated  that  general  anaesthesia  has  seldom  been  neces- 
sary for  the  performance  of  the  operation.  My  own  experi- 
ence has  been,  however,  that  it  is  less  readily  carried  out  ibw 
some  of  the  more  complicated  procedures  withiii  the  tjin- 
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panic  cavity,  and  I  believe  that  in  order  to  be  successfully  per- 
formed general  anaesthesia  should  be  induced  in  most  cases. 

There  are  several  methods  of  severing  the  band.  Weber- 
Liel,  and  Cholcwa  make  use  of  a  knife  of  special  construction 
(or  dividing  the  tendon.  In  this  instrument  the  blade  is  hook- 
shaped  and  the  shaft  ol  the  knife  is  hxed  in  an  angular  handle 
so  arranged  that  the  knife  can  be  rotated  upon  its  long  axis 
by  the  manipulation  of  a  slide  on  the  side  of  the  handle.  The 
technique  is  as  follows:  The  mcmbrana  tympant  is  incised  in 
frontof  the  processus  brevis,  the  hook-shaped  knife  introduced 
into  the  cavity,  and  by  depressing  the  handle  and  carrying  it 
somewhat  forward  the  blade  is  made  to  press  upon  and  par- 
tially encircle  the  tendon  ;  by  rotating  the  blade 
the  tendon  is  severed.  To  remove  the  knife  the 
blade  is  rotated  to  its  former  position  by  revers- 
ing the  manipulation.  Forcible  inflation  by  Pc 
Iit2cr's  method  or  with  the  catheter,  and  the 
insufflation  of  a  little  boric  acid  into  the  canal, 
completes  the  operation.  Most  commonly  the 
procedure  is  conducted  without  resort  to  so 
complicated  an  instnimcnt  as  the  one  described. 
and  most  operators  prefer  to  enter  the  tympanic 
cavity  behind  the  malleus  handle.  Gruber*  ad- 
vises that  the  tenotome  be  introduced  through 
the  membrane  in  cither  the  anterior  or  poste- 
rior segment,  according  to  their  relative  acces- 
sibility. Schwarlze,  Pomeroy,  and  Green  em- 
ploy  a  blunt-pointed  knife  curved  on  the  flat. 
Hartmann  has  devised  an  instrument  (Fig.  129) 
w.hich  is  curved  both  on  the  flat  and  in  its  long 
axis,  the  blade  being  sharp.pninted,  .so  that 
when  the  middle  car  is  entered  the  sharp  point 
of  the  knife  can  be  carried  high  up  into  the 
tympanic  cavity  The  position  of  the  puncture 
and  the  manipulation  of  the  instrument  after 
the  blade  has  entered  the  tympanic  cavity  will 
vary  according  as  the  tendon  is  to  be  divided 
from  above  downward  or  from  below  upward, 
the  operator  is  allowed  considerable  latitude.  The  technique 
depends  upon  the  conformation  in  each  individual  case.     1( 


Fig.  i3u.— Hbh- 
mann  t  imo- 
Inme  (« lightly 
enlarged). 
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I'tr..  130. — Tcnoiomy  of  the  Icnsor  lympani, 
The  knife  issliown  4bovc  Uic  Icndoii,  whicli 
is  divided  from  above  etownward. 


the  tendon  is  to  be  divided  from  above  downward  the  mem. 
branc  Is  punctured  immediately  behind  the  short  process, 
and  the  curved  or  angular  blade  is  carried  high  up  into  the 

cavity  by  depressing  the 
proximal  end  of  the  io- 
strumcnt,  which  at  the 
same  time  is  carried  s 
little  backward,  caLsing 
the  blade  to  apply  itscli 
closely  to  the  manubrium. 
The  blade  is  then  routed 
forward  and  downward 
through  an  angle  of  mac- 
ty  degrees,  and  section  h 
accomplished  by  a  slight 
sawing  motion,  dowfi' 
ward  pressure  being  ex- 
erted during-  the  with- 
drawal of  the  instrument. 
Ak  the  tendon  is  severed 
the  operator  (eels  the  resistance  which  it  offered  suddenly 
overcome,  and  a  sharp  click  is  frequently  heard  at  this  mo> 
racnt.  To  divide  the  tendon  from  below  upward  the  mem- 
brana  is  punctured  just 
below  and  behind  the 
short  process.  Upon  en- 
tering the  cavity  the  in- 
strument is  advanced  tor- 
ward,  inward,  and  down- 
ward, the  shaft  remaining 
almost  horizontal,  and 
the  flat  surface  of  the 
blade  closely  applied  to 
the  handle  of  the  malleus 
until  it  has  traversed  the 
breadth  of  the  cavity. 
The  handle  is  then  de- 
pressed, thus  carrying 
the  curved  point  of  the  knife  high  up  in  the  tympanum- 
The  instrument  is  then  withdrawn,  upward  pressure  being 
continually  exerted  and  the  tendon  divided  from  below  up- 
ward.     The   technique   described    presupposes   the  use  of 


yic.  131. — Tenolomjr  of  Inuor  tyiipMi  "illl 
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llartmann's  tenotome,  which,  being  sharp-pointcd,  is  used 
both  lo  puncture  thit  mcmbninc  and  to  sever  the  tendon 
(Fig^.  131.)  When  a  blunt-pointed  knife  curved  on  the  flat  is 
used,  the  drum  membrane  is  incised  close  to  and  behind  the 
handle  of  the  malteus  with  a  sharp  knife ;  through  this  open. 
ing-  the  curved  knife  is  inserted,  its  concavity  being  directed 
toward  the  manubrium.  The  tendon  is  divided  by  depress- 
ing the  handle  of  (he  knife  and  extending  the  incision  iipward 
toward  the  short  process  {Fig.  132.)  When  it  seems  desir- 
able to  divide  the  tendon 
through  an  incision  in 
the  anterior  segment, 
the  curved  knife  enters 
the  cavity  somewhat  be- 
low the  short  process.  It 
is  then  advanced  upward 
and  backward,  the  flat 
surface  of  the  blade  pass- 
ing closely  along  the 
manubrium  and  severing 
the  tendon  as  the  incis- 
ion is  extended.  Where 
tenotomy  is  deemed  ad- 
visable in  cases  of  resid- 
ual  purulent  inflamma- 
tion, a  large  perforation  being  present,  no  preliminary  in- 
cision is  necessary,  tlie  knife  being  introduced  through  the 
existing  perforation  ;  the  tendon  is  severed  either  from  below 
upward,  or  in  the  reverse  direction,  according  to  the  special 
lop<^r3phy  of  the  case. 

{d)  Drvision  of  tftt  Anterior  Ligament  of  the  Malleus. — This 
measure  was  advocated  by  Politzer  *  in  cases  of  marked  re- 
traction of  the  membrana  tympani,  it  being  found  in  several 
instances  that  tenotomy  of  the  tensor  tympani  alone  did  not 
allow  the  parts  to  resume  their  nbrmal  position,  although  this 
was  possible  if  the  anterior  ligament  had  been  severed. 

The  membrane  is  punctured  just  in  front  of  the  short  pro- 
cess with  a  short  curved  knife,  with  the  cutting  edge  directed 
upward.  The  knife  is  carried  inward  almost  to  the  bony  wall, 
wben  the  handle  is  depressed,  crowding  the  edge  against  the 
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ligamentous  tissue  in  the  anterior  fold,  which  is  divided  as  the 
knife  is  withdrawn. 

{c)  Tht  Division  of  Adhesions,  the  Result  of  Sufipvraiitr  cr 
Nonsuppurative  Inflammation. — Wc  may  divide  these  adhcsioos 
according  to  their  location  into  two  classes: 

1.  Adhesions  about  the  stapes  itself. 

2.  Adhesions  between  the  malleus  and  incus  and  inn«r 
tympanic  wall,  oi'  tense  bands  immobilizing  the  entire  ossicular 
chain,  the  articulations  between  the  various  ossicles  being 
intact. 

When   the  rigidity   depends  upon   adhesions  about  the 
Stapes  itself  as  the  result  of  a  purulent  otitis,  the  incudo-sta- 
pedial  articulation  having  been  destroyed,  wc  find  the  jielvb 
ovalis  occupied  by  a  mass  of  dense  tissue  which  (rcqucnily 
changes  the  appearance  completely.     The  head  of  the  stapes 
may  present  only  as  a  slight  elevation  upon  the  surface  of  the 
mass.    Close  inspection  may  reveal  a  preponderance  nf  Ihc 
newly  formed  tissue  along  the  posterior  margin  of  the  pclvi<^ 
especially  about  the  stapedius  tendon,  which  can  occasionally 
be  seen  as  a  bright  line  running  through  the  mass.    To  see 
the  stapes  or  what  remains  of  it  I  usually  first  incise  directly 
downward  close  to  the  tympanic  ring,  so  as  lo  divide  any 
bands  which  may  tend  to  pull  the  stapes  out  of  the  visual  field. 
To  effect  this  the  knife  is  to  be  carried  inward  just  above  the 
fibrous  band  which  we  wish  to  divide,  and  close  to  the  tym- 
panic ring,  until  its  point  impinges  upon  the  bony  inner  wall 
of  the  tympanum  (Fig.  134.)    It  is  then  carried  downward,  the 
point  being  still  kept  against  the  inner  wall,  and  severs  the 
tendon  of  the  stapedius,  together  with  all  adhesions  whicH 
passed  from  the  ossicle  toward  the  posterior  tympanic  will 
This  relieves  the  stapes  from  the  pull  of  the  stapedius  muscle, 
and  from  the  tension  of  the  adhesions  which  have  developed  i* 
front,  it  comes  more  clearly  into  view.    Care  should  be  taken 
in  passing  the  knife  inward  not  to  carry  it  loo  far,  in  case  tht 
bony  resistance  is  not  felt  at  the  proper  depth,  for  fear  of  iB 
entering  the  vestibule  and  injuring  the  labyrinth.     After  the 
posterior  bands  have  been  severed,  short  radiating  incisions 
are  made,  taking  the  oval  window  as  a  centre  from  which  thejT 
diverge.     This  allows  the  parts  to  retract,  and  by  local  d^ 
piction  favors  the  formation  of  a  thin  cicatrix,  in  place  of  the 
thick  fibrous  deposit.    The  operation  is  completed  by  the  in- 
sufflation of  a  little  boric  acid.    It  may  be  necessary  to  repeat 


this  procedure  several  times  before  the  desired  result  is  ob. 
taincd,  since  during-  cicatrization  other  adhesions  may  form. 
Careful  attention  will  enable  the  surgeon  to  overcome  the 
rigidit}'  permanently  in  a  large  number  ol  cases. 

Id  the  second  class  of  cases,  where  the  entire  conducting 
chain  is  bound  down,  relaxation  of  tension  is  frequently  ob- 
tainable by  surgical  interference.  In  many  cases  a  large  per- 
foration  is  found,  in  the  lower  half  of  the  membrane,  the  mar- 
gins of  the  perforation  may  adhere  to  the  internal  wall  of  the 
middle  car  ihroughout ;  or  this  condition  may  be  confined  to 
the  region  of  the  tip  of  the  malleus  handle.  In  these  last 
cases  the  blunt  knife,  cnr\-cd  on  the  flat,  should  be  used  to 
divide  the  fibrous  bands,  or  in  some  cases  vertical  incisions 
may  be  made  through  the  cicatrix,  or  tli'e  point  of  adhesion 
may  be  taken  as  a  centre  from  which  these  incisions  shall 
radiate. 
wk  Another  condition,  not  uncommon,  is  where  a  consider- 
able portion  of  the  membrane  is  destroyed,  the  remnant  of 
the  membrane  in  the  upper 
and  posterior  quadrant  be- 
ing thickened  and  tense,  so 
that  its  lower  border,  cor- 
responding  to  the  posterior 
fold,  forms  a  dense  fibrous 
band,  crowding  the  under- 
lying  structures  firmly  to- 
gether, and  sometimes  par- 
tially hiding  the  stapes  or 
inctido-slapcdial  articulation 
from  view.  Section  of  this 
band,  by  an  upward  incision 
(Fig.  133),  frequently  im- 
proves the  hearing ;  or  the 
procedure  may  be  advisable 
as  an  exploratory  measure, 
the  retraction  of  the  cut  edges  perniitling  an  inspection  of 
the  structures  lying  in  the  pelvis  ovalis,  and  revealing  a  con- 
dition here  which  may  be  amenable  to  operative  treatment. 
^  Adhesions  following  a  nonsuppurative  inflammation  will 
Usually  be  less  amenable  to  operative  treatment  than  those 
developing  in  the  residual  purulent  cases.  The  reason  for 
this  is  that  in  the  nonsuppurative  cases  the  constricting  bands 
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are  seldom  confined  to  any  one  locality,  but  involve  theentin 
ossicular  chain  and  the  pelvis  ovalis  as  well.  The  conditioD 
is  one  demanding  extensive  and  sometimes  repeated  opcratiTe 
measures,  and  the  best  results  are  obtainable  by  first  rernor- 
ing  the  membrana  tympani  and  the  two  larger  ossicles.  This 
procedure  permits  a  thorough  inspection  of  the  pelvis  oralis 
and  of  the  stapes,  and  enables  the  operator  to  resort  to  rc> 
pcated  surgical  procedures  or  mechanical  measures  for  the 
relief  of  tension  existing  in  this  locality,  while  the  primary 
operation  eliminates  anomalies  in  tension  arising  from  other 
causes. 

III.  Operations  involving  the  Ossicular  Chain. 

(i?)  Excision  of  a  Parlion  of  ike  Manubrium  .\faitfi  and  of  a 
Large  Part  of  the  Afcwbrana  was  proposed  by  Wrcden  *  in  cases 
where  it  was  deemed  advisable  to  secure  a  permanent  opening 
into  the  tympanum.  The  procedure  has  fallen  into  disuse 
since  it  does  not  accomplish  the  desired  end.  The  technique 
needs  no  special  description,  consisting  merely  of  makings 
circular  incision  of  the  desired  size  by  means  of  a  sharp  knife, 
the  umbo  being  taken  as  the  centre.  After  the  section  has 
been  completed,  the  fibrous  lamella  which  it  encloses  will  be 
held  by  the  manubrium  alone,  and  may  be  removed  by  cutting 
through  the  malleus  handle  by  means  of  an  iJcraseur,  cutting 
forceps,,  or  other  appropriate  appliance. 

{d)  Disariicuialion  at  the  Incudostapcdial Joint,  or  Divismt  */ 
ike  Long  Arm  of  ttu  /ncus  and  Mobilisation  of  the  Sfa/>es.—l\i\s 
procedure  is  of  especial  value  in  the  residual  purulent  cases 
where  the  articulation  is  exposed,  or  is  covered  by  a  thin 
cicatrix  only,  through  which  it  is  easily  visible.  It  is  of  less 
value  in  chronic  nonsuppurative  inflammation,  since  the  open- 
ing which  is  made  through  the  membrane  to  expose  the  parts 
soon  closes,  rendering  it  almost  impossible  for  the  surgeon  lo 
relieve  by  secondary  operation  any  unfavorable  results  attcixt- 
ing  cicatrization.  Where  the  long  arm  of  the  incus  and  the 
posterior  cms  of  the  stapes  are  exposed,  disarticulation  is 
effected  by  means  of  the  angular  knife  shown  in  Fig.  123,/ 
and  g,  which  is  inserted  behind  the  descending  process  of 
the  incus,  and  made  to  pass  through  the  articulation  by  cut- 
ting downward.    Any  portion  of  the  capsule  undivided  may 
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be  severed  by  inserting  the  point  of  the  knife  below  and  cut- 
ting upward,  and  by  hooking  ihe  knife  around  the  antrrior 
aspect  of  the  long  process  of  the  incus  and  cutting  downward. 
It  is  usually  advised  that  the  joint  be  opened  from  behind, 
the  resistance  offered  by  the  sLipodius  muscle  rendering  this 
the  simplest  procedure.  While  this  is  theoretically  correct, 
there  are  several  objections  to  its  performance.  Freqiiciiily 
the  long  arm  of  ihe  incus  lies  so  near  the  margin  of  the  ring 
that  considerable  force  is  necessary  to  introduce  the  knife 
behind  it.  If  disarticulation  is  accomplished  before  the  stape- 
dius muscle  is  divided,  the  rctractiim  iif  this  muscle  may  pull 
the  stapes  completely  out  of  view  and  render  subsequent  mi> 
btlixation  impossible.     It  is  advisable,  therefore,  to  divide  the 


Fio.  i}4. — Dlvi)ion  of  Ihe  daiwlius 
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atapedius  tendon  and  the  adjacent  adhesions  as  the  first  step 
of  the  operation.  This  is  done  by  inscriing  a  sharp  straight 
knile  behind  and  above  the  head  of  the  stapes,  between  it  and 
Ihe  tympanic  ring,  carrying  it  inw.ird  until  the  point  touches 
the  inner  tympanic  wall,  and  then  cutting  directly  downward 
(Fig.  134).  Bv  this  procedure  the  stapes,  and  hence  the  ar- 
ticulation, is  released  and  brought  clearly  into  view  by  the 
traction  o(  the  tensor  tynipani  muscle  and  nl  the  cicatricial 
bands  situated  in  the  anterior  pari  of  the  cavity.  The  ante- 
rior aspect  of  the  descending  crus  of  the  incus  is  now  in  such 
a  position  that  the  joint  may  be  easily  divided  by  applying 
the  angular  kniic  to  it  and  cutting  downward  and  backward 
(Fig.  135).  or  in  some  instances  it  may  be  more  convenient  to 
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enter  the  joint  from  below,  with  the  point  of  the  knife,  sweep- 
ing the  blade  anteriorly  and  posteriorly  until  the  capsular 
ligament  is  divided.  After  disarticulation  the  process  ol  the 
incus  is  pushed  upward  and  forward  to  prevent  reunion. 
The  stapes  is  next  examined  with  a  probe,  the  most  suitj^lc 
instrument  being  a  fine  cotton  holder,  the  lip  of  which  is 
firmly  wound  with  a  delicate  pledget  of  cotton.  If  the  ossicle 
is  rigid,  it  is  to  be  freed  by  passing  the  pointed  knife  about 
the  foot  plate,  dividing  all  adventitious  bands  which  maybe 
found  within  the  pelvis  ovalis,  passing  from  its  walls  to  the 
crura  of  the  stapes.  After  incision,  mechanical  mobilization 
by  means  of  the  cotton.lippcd  probe  should  be  eflected.  The 
instrument  is  introduced  below  the  stapes  first,  and  an  attempt 
made  to  crowd  tlie  ossicle  upward  by  a  leverlike  action  of  the 
probe.  The  same  manipulation  is  repeated  from  above  down- 
ward,  from  behind  forward,  and  from  before  backward,  care 
being  taken  not  to  fracture  the  crura.  Where  the  incudo- 
stapedial  articulation  is  ossified,  the  long  arm  of  the  incus 
may  be  divided  by  a  stout  scissors.*  the  iragments  being  sepa- 
rated so  as  to  prevent  reunion,  after  which  mobilisation  of  the 
stapes  is  carried  out  alter  the  manner  described. 

In  chronic  nonsuppurative  cases  Miott  advocated  the 
same  procedure,  the  structures  within  the  middle  car  being 
exposed  by  an  exploratory  incision  along  the  posterior  margin 
of  the  membrana  tympani,  as  already  described  in  the  tech- 
nique of  exploratory  myringotomy.  General  anaesthesia  is 
not  necessary  either  in  the  residual  suppurative,  or  nonsup- 
purative cases. 

Mobilization  in  the  nonsuppurative  cases  is  less  eflectuJ 
if  the  exploratory  incision  is  allowed  to  heal  than  where  a  per* 
manent  opening  is  maintained,  either  by  the  removal  ol  the 
entire  membrane,  malleus,  and  Jncus,or  by  allowing  the  flap  to 
remain  displaced,  although  by  the  latter  procedure  it  is  seldom 
possible  to  secure  a  permanent  perforation.  The  lack  o(  succ«s 
when  the  flap  is  replaced  is  due  to  a  recurrence  of  the  condi- 
tion, the  closure  of  the  opening  rendering  it  impossible  to  de»! 
with  this  surgically  except  by  repeating  the  original  operation. 

(c)  PUiitic  Operations  for  the  Purpose  of  uniting  ifu  Incus  » 
the  Stapes  to  the  Membrana  Tympani  Directly. — The  object  here 
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is  to  exclude  the  two  lai^cr  ossicles  from  the  physical  process 
of  sound  conduction,  so  that  the  sound  waves  falling  upon  the 
membrana  tympani  shall  act  immediately  upon  the  stapes. 
Little  success  has  attended  these  procedures,  although  in  ex- 
ceptional cases  they  may  be  valuable. 

A  triangular  flap  of  the  membrane  is  turned  aside  from 
the  posterior  superior  quadrant,  exposing  the  incudo-stapediaL 
articulation  ;  the  mobility  of  the  incus  is  determined  by  means 
of  a  probe  ;  adhesions  about  the  stapes  are  severed  according 
to  the  rules  already  laid  down  until  this  ossicle  and  the  incus 
move  freely.  The  triangular  flap  is  then  applied  directly  to 
the  long- arm  of  the  incus  and  held  in  place  by  a  small  pledget 
of  cotton  or  by  a  small  paper  dressing.  If  the  incus  can  not 
be  (reed,  disarticulation  at  the  incudo-stapedial  joint  is  per* 
formed  and  the  flap  applied  to  the  head  of  the  stapes  instead 
of  to  the  long  arm  of  the  incus. 

■  {tf)  Rtnurval  of  the  Ossicttlar  Chain  in  its  Entirety,  or  Removal 
of  Individual  Ossiclis. —  Kcmoval  of  the  ossicular  chain  may  be 
attempted  cither  for  the  improvement  of  hearing  or  (or  the 
relief  of  a  long-conlinucd  suppurative  process,  or  for  both 
conditions.  Since  the  technique  is  somewhat  diffcreni,  ac- 
cording as  the  condition  results  from  a  suppurative  or  non- 
suppurative inflammation,  the  operative  procedure  applicable 
to  cases  where  the  membrana  tympani  is  intact  will  first  be 
described  in  detail,  after  which  attention  will  be  given  to  the 
particular  variations  demanded  in  cases  where  there  has  been 
destruction  of  the  membrana  tympani  over  a  large  or  small 
area.  We  have  to  consider,  then — 
I.  Removal  of  the  malleus  and  incus. 

ft    2.  Removal  of  the  malleus,  incus,  and  stapes. 

"    3.  Removal  of  the  stapes. 

If  the  membrana  tympani  is  present,  this  is  also  removed 
as  completely  as  possible  in  carrying  out  the  first  two  opera- 
tions, while  in  stapedectomy  the  membrane  is  allowed  to 
remain. 

ft    As  early  as  1873  Schwartze  •*  advocated  the  removal  of  the 

Malleus  and  the  membrana  tympani  and  disarticulation  at  the 
Incudo-stapedial  joint  in  cases  of  nunsuppurative  inRamma- 
ti(Ht.     Kcssel  t  excised  the  membrana  tympani,  malleus,  and 


*  AKti.  fUr  Ohwnhaillt.,  vol.  nil,  p.  isB. 
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incus,  and  mobilized  the  stapes  in  a  case  of  complete  stenosis 
of  the  Eustachian  tube,  while  at  an  earlier  date  he  had  deoi- 
onstrated  that  the  stapes  *  might  be  evulsed  from  the  on! 
window  without  serious  consequences.  In  1885  Lucacf  re- 
ported fifty-three  operations  in  nonsuppurative  otitis  media 
in  which  the  merabrana  t^'mpani  and  malleus  had  been  ^^ 
moved  and  the  incudo-stapedial  articulation  divided.  In  six 
of  these  cases  the  incus  was  also  taken  away.  From  this  time 
onthecurrent  literature  contains  numerous  reports  of  rcmon) 
of  the  ossicles  in  cases  of  nonsuppurative  inflammation  of  the 
middle  ear,  the  procedure  being  followed  by  varying'  degrees 
of  success. 

Concerning  the  necessity  of  general  anarsihesia,  it  may  be 
said  that  at  the  present  time  the  entire  ossicular  chain  and  ibe 
membrana  tympani  may  be  removed  without  the  administra- 
tion of  a  general  ansesthctic  in  patients  having  a  fair  amount 
of  self-control.  No  discomfort  is  experienced  during  the  en- 
tire procedure  except  at  the  moment  of  making  the  initial 
puncture,  and.  when  the  knife  employed  for  the  purpose  is  in 
perfect  condition,  the  incision  through  the  membrana  tyropani 
in  the  posterior  segment  just  within  the  cartilaginous  ring  is 
not  painful  and  sometimes  is  not  felt.  When  the  tympanic 
cavity  has  been  entered  the  application  of  a.  tcn-per-ccnt  solu- 
tion of  cocaine  by  means  of  a  colton-lipjied  probe  renders  the 
subsequent  steps  absolutely  painless.  It  is  necessary  to  pro- 
ceed slowly,  as  the  local  anarsthesia  is  confined  to  a  limited 
area  beyond  the  extent  of  the  incision,  and  as  the  operation 
progresses  the  cocaine  solution  is  to  be  applied  from  time  !o 
time  lo  the  edges  of  the  wound  and  introduced  into  the  tym- 
panic cavity  through  the  artificial  opening  whenever  the  pi- 
ticnt  gives  evidence  of  feeling  the  manipulations  in  the  slight- 
est degree.  Naturally  this  prolongs  the  operation  ;  but  the 
advantage  gained  of  testing  the  results  of  the  various  steps 
of  the  operation,  together  with  the  increased  delicacy  of 
manipulation  possible  when  the  patient  is  conscious  and  able 
to  maintain  his  head  in  any  position  in  which  it  has  been 
placed,  more  than  compensates  for  the  loss  of  time. 

Technique  0/  the  Remoi'al  of  the  Membrana    Tympani  and 
OsskUs  xvhen  the  Membrana  Tympani  is  Intacf. -—Wilh  the  sharp 
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knife  (Fig.  123,  *■)  an  incision  is  made  through  the  menibraiia 
tympani  in  the  ujiper  and  posterior  quadrant,  commencing 
just  below  the  point  where  the  posterior  fold  meets  the  tym- 
panic ring,  and  lollowing  this  curve,  is  carried  downward 
to  about  the  middle  of  the  posterior  border  a(  the  rin^. 
This  incision  is  made  close  to  the  insertion  of  the  mcmbrana, 
but  should  lie  cnlircly  in  the  clear  membrane,  (or  the  reason 
that  if  this  is  done  no  hpemorrhagc  results-  For  the  same  rea- 
son care  must  be  taken  not  to  wound  the  inner  wall  of  the  tym- 
panum with  the  point  ol  the  knife,  as  any  bleeding  greatly  ob- 
scures the  field  of  ciperalion  and  renders  the  succeeding  steps 
more  difficult.  The  edges  of  the  incision  arc  now  separated 
and  the  incudo-stapcdial  articulation  is  usually  clearly  and 
easily  exposed.  If  sufTicicnt  space  is  not  gained,  a  horizontal 
incision  may  be  made  Irom  the  upper  extremity  of  the  first, 
forward  toward  the  short  process  of  the  malleus,  the  section 
following  the  course  of  the  posterior  (old  and  lying  just  be- 
low it.  thus  avoiding  the  more  vascular  tissues.  If  this  docs 
not  give  sufficient  room  the 
incision  may  then  be  carried 
downtvard  just  behind  the  long 
processor  the  malleus,  as  in  ex- 
ploratory myringotomy  (Fig. 
127).  In  this  way  a  flap  is 
formed  which,  on  being  turucii 
downward,  enables  the  opera- 
tor to  sec  the  inciido-stapcdial 
articulation  clearly  (Fig.  136), 
The  next  step  is  the  division 
of  the  stapedius  tendon  ;  this 
may  sometimes  be  seen  run- 
ning from  the  neck  of  the  stapes 
Dackward  and  disappearing  be- 
hind the  tympanic  ring:  fre- 
quently, however,  the  head  of 
the  stapes  lies  so  dose  to  this 
structure  ihat  the  tendon  can 
not  l>e  seen  ;  in  such  a  case  the 

pointed  knife  u.sed  in  dividing  the  mcmbrana  tympani  is  in- 
serted close  to  the  head  of  the  stapes  and  slightly  above  it 
and  carried  inward  until  the  inner  wall  of  the  tympanum  is 

reached:  a  short  cut  downward  is  then  made,  carrying  the 
M 
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knife  between  the  head  oi  the  stapes  and  the  tympanic  ring, 
while  The  point  is  still  firmly  pressed  upon  the  inner  wail  of 
the  tympanum  (Fig.  134}.  In  this  way  the  muscle  is  thor- 
oughly divided.  When  the  tendon  can  be  seen  its  division  is 
perhaps  more  simple ;  but  in  either  case  the  point  of  the  knife 
should  be  Brnily  pressed  against  the  inner  waJl  of  the  tyin> 
panum.  in  order  that  the  tendon  and  any  adhesions  about  it 
may  be  thoroughly  and  completely  severed. 

As  soon  as  this  has  been  done  the  action  of  the  tensor  tym- 
pani  will  bring  the  incudo>st;ipcdi»l  articulation  and  the  stapes 
more  clearly  into  view.  The  next  step  is  the  division  of  the 
incudo-stapcdial  articulation  which  is  effected  with  the  angu- 
lar knife.  The  knife  is  inserted  into  the  handle  in  such  a  waj- 
that  the  point  is  directed  backward  and  is  carried  into  the 
tympanic  cavity  in  front  of  the  long  arm  of  the  incus,  and  the 
blade  passed  to  the  inner  side  of  this  process  (Fig.  135);  by 
slight  pressure  backward  the  shaft  of  the  instrument  is  kept 
close  to  the  descending  process  of  the  incus,  while  at  the 
same  time  the  instrument  is  pressed  inward,  so  that  thcan- 
gular  blade  will  He  against  the  internal  tympanic  wall ;  the 
articulation  is  divided  with  a  downward  stroke.  If  fibres  of 
the  capsular  ligament  still  remain  undivided  posteriorly  th« 
angular  knife  is  to  be  turned  in  an  opposite  direction,  with 
the  point  directed  forward,  when,  by  passing  it  behind  th« 
long  process  of  the  incus,  a  downward  stroke  will  complete 
the  division. 

If  these  steps  have  been  carried  out  as  indicated  it  will  be 
the  exception  if  more  than  a  drop  of  blood  has  been  lost 

Next,  with  the  pointed  knife,  a  short,  horizontal  incision  is 
made  through  the  membrana  tympani  at  its  most  dependent 
part  close  to  the  insertion  into  the  annulus  tympanicus  (Fig. 
136,  3);  the  pointed  knife  is  quickly  laid  aside  and  the  probe- 
pointed  knife  (Fig.  123,  r)  is  inserted,  and  the  membrane  la 
divided  along  its  posterior  periphery  from  below  upward 
until  the  exploratory  incision  is  encountered.  In  the  same 
manner  the  anterior  segment  of  the  membrane  is  divided  from 
below  upward  with  the  probe-pointed  knife,  the  incision  et- 
tending  as  far  as,  but  not  into,  Shrapnell's  membrane.  (The  in- 
cision is  indicated  by  the  dotted  line,  2,  in  Fig.  136.)  Upw 
this  point  no  blood  has  been  lost  and  the  field  of  operation 
is  as  clear  as  when  we  started.  There  remains  to  be  divided 
the  membrana  flaccida  and  the  ligaments  which  bind  the  ma' 
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lens  externally,  in  front  and  behind.  The  pointed  knife  is 
again  used  for  this  section,  which  should  be  made  lapidly. 
The  knife  is  held  so  that  the  flat  surface  of  the  btadc  looks 
toward  the  roof  of  the  canal,  the  cutting  edge  being  directed 
backward  ;  the  point  of  the  knife  is  entered  just  above  the 
short  process  of  the  malleus  and  is  pushed  inward  and  up- 
ward, the  handle  being  depressed  so  that  the  shaft  often 
touches  the  margin  of  the  speculum.  In  this  manner  the 
knife  is  made  to  enter  the  fornix  tympani ;  it  is  now  made 
to  cut  its  way  out,  downward  and  backward,  thus  severing 
the  external  and  posterior  ligaments  of  the  malleus  and  di- 
viding the  mcmbrana  fJaccida  posteriorly.  The  knife  is  then 
quickly  turned  and  made  to  cut  in  the  opposite  direction, 
being  carried  forward  over  the  short  process,  dividing  the 
anterior  segment  of  the  inenibrana  flaccida,  some  hbres  of 
the  external  ligament,  and  the  strong  anterior  ligament  of  the 
malleus.  The  malleus  is  now  held  only  by  the  superior  liga- 
ment and  the  tendon  of  the  tensor  tytnpani,  neither  of  which 
is  strong.  The  haemorrhage  from  the  last  incision  may  be  free 
and  may  obscure  the  field,  but  usually,  owing  to  the  elevated 
position  of  the  head,  tlie  upper  part  of  the  field  is  not  obscured, 
and  the  short  process  of  the  malleus  can  be  distinctly  seen. 
The  ossicle  is  quickly  grasped  with  the  forceps  (I'ig.  157}.  just 
below  the  short  process,  and  by  pressing  inward  to  dislodge 
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the  neck  of  the  bone  from  the  projection  upon  which  it  rests, 
followed  by  traction  downward  and  then  outward,  the  ossicle 
is  extracted.  No  force  is  required  to  rupture  the  tendon  of  the 
tensor  tympani  or  the  superior  ligament,  as  they  offer  very  lit- 
tle resistance. 

It  will  t>e  necessary  now  to  wipe  out  the  blood  which  has 
followed  the  removal  of  the  malleus,  but  in  most  cases  a  single 
pledget  of  cotton  will  dry  the  cavity  completely.     The  incu 
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is  next  sought  for,  and,  if  in  sight,  is  grasped  with  rhc  forcqn 
and  removed,  traction  being  at  first  exerted  downward  and 
forward  and  ihen  outward.  Most  frequently  when  the  iDOis 
is  in  view  the  lonjj  process  will  be  seen,  not  in  the  norrail 
location,  but  lower  down  and  lying  close  lo  the  border  of  ihe 
tympanic  ring — so  close,  frequently,  that  il  is  overlooked,  (or 
it  then  apparently  constitutes  a  part  of  the  ring.  Manipula- 
tion by  means  of  a  probe  reveals  its  identity  and  the  ossicle 
can  be  extracted  in  the  manner  already  described.  This  dis- 
placement of  the  incus down\%ard  and  backward  is  due  to  the 
fact  that  in  the  removal  of  the  malleus  the  capsular  ligament 
binding  the  two  ossicles  together  must  be  rupture*!.  The 
incus  itself  is  attached  to  the  tympanic  wall  by  means  ol  i 
single  ligament  running  from  its  short  process  to  the  walls  of 
the  lornix  tympani.  Traction  downward  on  the  malleus  dis- 
places the  incus  downward  and  also  revolves  it  backward,  tbe 
short  process  being  the  fixed  point.  Thus  frequently,  a/ici 
the  malleus  has  been  removed,  careful  inspection  oi  the  field  of 
operation  fails  to  reveal  any  trace  of  the  incus,  it  having  been 
rotated  entirely  out  of  sight  behind  the  tympanic  ring.  To 
effect  its  extraction. is  not  always  easy,  and  yet  in  cases  where 
there  has  been  no  suppuration  it  will  rarely  happen  that  tbe 
ossicle  will  escape.  When  not  in  sight  the  long  process  ol  tbe 
Incus  can  be  easily  brought  into  view  by  means  of  the  incus 
hooks  (Fig.  i23,yand  ir).  These  hooks  arc  curved  in  oppo- 
site directions  for  the  right  and  left  ear.  the  concavity  ol  the 
curve  looking  anteriorly  in  each  case;  the  instrument  is  in- 
serted into  the  handle  with  its  angular  extremity  directed 
upward.  The  incus  hook  is  introduced  into  the  tympanic 
cavity  and  the  angular  portion  passed  behind  the  tympanic 
ring  close  to  the  floor  of  Ihe  canal,  the  hook  being  inserted 
in  such  a  way  that  the  concavity  of  the  hook  looks  upward. 
When  the  angular  portion  of  the  instrument  has  entirely  dis- 
appeared  beliiud  the  ring  the  instrument  is  drawn  outward 
until  it  is  felt  to  press  closely  upon  the  inner  surface  of  the 
tympanic  ring,  when  it  is  rotated  forward,  at  the  same  tioK 
being  carried  a  little  upward.  Usually  this  manipulation 
swings  the  long  arm  of  the  incus  into  view  (Fig.  138).  The 
difTiculty  sometimes  experienced  in  securing  the  incus  usu- 
ally lies  in  the  fact  that  the  operator  is  inclined  to  search 
for  the  ossicle  too  high  up  in  the  tympanum  and  to  forget 
that  the  long  process  lies  close  to  the  margin  of  the  riiwt; 
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Via.   13H. — Incus  hcwV  Jn   position. 


the  hook  is  therefore  frequently  carried  too  deeply  into  the 
tympanic  cavity  and  fails  to  engpage  the  lonjj  prnccss.  This 
manccuvreis  to  be  repeated  several  limes  in  case  the  first  effort 
is  not  successful.  If  no  free  body 
is  felt  with  the  hook  it  is  then 
inserted  into  the  tympanum  at 
the  anlcro-tnferior  portion  with 
the  concavity  of  the  hook  di- 
rected posteriorly  ;  the  hook  is 
now  rotated,  sweeping  the  ex- 
tremity which  touches  the  tym- 
panic ring  closely,  backward, 
and  at  the  same  time  somewhat 
upward.  This  manipulation  will 
bring  the  incus  into  view  in  case 
rupture  of  the  posterior  ligament 
of  the  incus  during  the  removal 
of  the  malleus  has  allowed  the 
ossicle  to  fall  into  the  antero- 
inferior part  of  the  tympanic  cavity,  an  accident  which  may 
sometimes  happen. 

If  the  ossicle  is  not  found  in  cither  of  these  situations,  the 
hook  should  be  swept  upward  and  forward  through  the  pos- 
tero-supcrior  and  superior  portions  of  the  tympanic  cavity, 
keeping  it  still  pressed  firmly  against  the  internal  margin  of 
the  ring.  Care  is  to  be  taken  in  this  manipulation  that  the 
hook  does  not  pass  between  the  crura  of  the  sia[)cs  or  frac- 
ture them  as  it  is  carried  forward.  If  the  incus  still  remains 
hidden,  the  hook  having  the  opposite  curve  should  now  be 
carried  into  the  fornix  tympani  with  the  concavity  directed 
backward,  the  angular  portion  o(  the  instrument  being 
hooked  behind  the  inner  extremity  of  the  superior  wall  of 
the  meatus.  The  instrument  is  now  rotated  backward,  and 
at  the  same  time  is  carried  downward,  rotation  being  con- 
tinued through  an  angle  of  one  hundred  and  eighty  degrees. 
This  manipulation  will  dislodge  the  incus  in  cases  where  its 
posterior  ligament  is  very  strong,  or  where  the  long  process 
has  been  rotated  far  backward  out  of  reach  of  the  hook. 
After  this  downward  sweep  it  is  well  to  repeat  all  of  the 
steps  for  dislodging  the  incus  in  the  order  named,  as  this  last 
manipulation  may  displace  the  ossicle  downward,  although  it 
may  still  remain  hidden  from  view.     The  objection  to  begio- 
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ning  the  search  tn  the  rnanncr  last  mentioned  lies  in  th«  fact 
th:it,  if  the  ossicle  is  already  free  or  nearly  so,  the  raanipula. 
tion  is  api  lu  displace  it  so  far  toward  the  mastoid  antrum  as 
to  render  it  entirely  inaccessible.  1  have  written  upon  the 
melhod  of  extracting  this  ossicle  somewhat  at  Icngih. because 
I  believe  it  to  be  extremely  iinporLant  to  remove  it  if  jkm. 
sibic :  and  I  feel  certain  that  the  advantages  gained  bv  in 
extraction  are  more  than  enough  to  warrant  prolonging  tbc 
operation  lor  this  purpose. 

Alter  the  incus  has  been  removed,  the  cavity  ts  thoroughly 
dried  and  the  region  ol  the  round  window  inspected.  .\nT 
thickening  in  this  situation  should  be  overcome  by  cutting 
away  the  hypertrophied  tissue  if  possible.  Usually,  however, 
we  find  simply  a  thickening  ol  the  mucous  membrane  about 
the  fenestra.  Stellate  incisions  by  means  of  an  angular  knife 
(Fig.  1 23, /and  g,),  introduced  into  the  niche,  most  Irequentlv 
relieve  the  tension. 

The  stapes  is  next  inspected  and  its  mobility  lesled.  If 
rigid,  all  adhesions  about  it  should  be  divided  and  the  ossicle 
mobilized  with  the  cotton-tipped  probe,  in  the  manner  already 
described;  if  its  motion  is  now  free,  the  operation  maybe 
considered  completed.  If,  on  the  other  hand,  the  motion  of 
the  stapes  is  still  impeded,  or  if  the  adhesions  have  been  lound 
to  be  so  extensive  that,  after  they  have  been  divided,  cica- 
trization will  probably  render  the  ossicle  rigid  again,  the 
stapes  may  be  removed.  All  soft  tissue  binding  it  down 
should  be  carefully  .severed  with  the  sharp  knilc  passed 
around  the  loot  plate,  alter  which  a  delicate  hook  (Fig.  125. 
b)  is  passed  between  the  crura  and  the  ossicle  is  removed  by 
traction.  !t  is  often  more  easy  to  grasp  the  head  of  the  boot 
with  the  forceps  and  remove  it  in  this  way  than  by  making 
use  of  the  hook. 

In  cases  where  difficulty  is  experienced  in  finding  the 
incus,  and  it  is  deemed  necessary  to  remove  the  sta)>es— thii 
ossicle  being  easily  seen— it  is  often  wise  not  to  delay  Ihc 
removal  of  the  stapes  until  the  incus  is  found,  since,  in  the 
manipulations  necessary  to  displace  the  incus,  the  crura  ol 
the  stapes  might  accidentally  be  broken  or  the  head  of  ibe 
bone  be  so  displaced  as  not  to  be  easily  seen.  Hence,  if  the 
incus  is  not  readily  fotmd.  and  it  has  been  found  advisable  to 
extract  the  stapes,  this  may  be  removed  as  the  second  step 
of  the  operation,  and  the  incus  subsequently  searched  fur. 


REMOVAL  OF  THE   INCUS. 


509 


If  (he  stapes  is  removed  at  this  stage  of  the  procedure,  care 
must  be  taken  in  searching  for  the  incus  that  the  incus  hook 
is  not  passed  through  the  oval  window,  thus  injuring  Ihc 
labyrinth.  This  may  seem  a  needless  precaulinn  ;  but  any 
one  who  has  studied  the  parts  upon  the  cadaver  will  appre- 
ciate how  easily  the  incus  hook  can  be  passed  through  the 
ihin  membrane  covering  the  fenestra  ovalis.  The  reason  of 
this  lies  in  the  fact  that  the  plane  of  the  oval  window  is  not 
vertical,  but  inclined  downward  and  outward.     When  this 


Ftc  139.— Anthar's  culling  foKcpi  Tai  Ihc  Tcmnv.-iJ  nf  n  ponioii  of  the  inner  es- 
Itcmiiy  of  ihe  cxtcinaJ  auditory  caRol. 

opening  is  situated  high  up,  and  is  almost  hidden  by  the  tym- 
panic ring,  the  incus  hook  may  be  easily  carried  under  its 
upper  margin  and  through  the  membrane  covering  the  open- 
ing, the  operator  mistaking  the  resistance  offered  for  thai  «( 
the  tympanic  ring.  H  Ihe  posterior  wall  of  the  canal  is  closely 
followed  and  the  incus  hook  made  to  enter  the  tympanum 
low  down,  and  is  afterward  applied  closely  to  the  tympanic 
ring,  this  accident  can  not  occur. 


S'o 
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In  some  instances  the  margin  of  the  tympanic  ring  hides 
the  stapes  so  com|)Iclcly  that  this  ossicle  can  not  be  seen,  and 
it  is  impossible  to  form  an  intelligent  opinion  as  to  its  coodi 
tion  or  to  effect  its  removal.  In  such  an  event  the  margins 
of  the  rin^  in  tins  situation  may  be  cut  away  by  means  of  the 
forceps  shown  in  Vig.  139.  This  forceps  is  so  constructed 
that  when  open  the  distal  extremity  of  the  lower  blade  can 
be  passed  up  behind  the  tympanic  ring.  Upon  closing  the 
instrument,  the  chisel  blade  cuts  away  a  small  chip  from 
the  overhanging  wall.  By  repeating  this  procedure  enough 
space  can  be  gained  to  permit  of  access  to  the  stapes  and 
oval  window. 

Occasionally  the  foot  plate  uf  the  stapes  will  be  found  to 
be  so  firmly  fixed  in  the  oval  window  that  it  can  not  be  loos- 
ened, and  that  after  dividing  all  adhesions  its  removal  is  im- 
possible, the  crura  sometimes  being  broken  in  the  attempt  it 
extraction.  In  such  an  event  the  operator  should  proceed 
with  the  greatest  caution.  All  the  soft  tissues  should  be  cut- 
fully  removed  from  the  oval  niche  by  means  of  the  augular 
knives  (Fig.  123,/,^)  and  a  delicate  curette  (Fig.  i2^,a).  K 
the  outline  of  the  foot  plate  can  now  be  made  out,  a  potnled 
knife  should  be  carried  around  its  periphery  in  the  hope  ol 
making  an  opening  at  some  point  where  the  union  is  less  firm: 
through  such  an  opening  a  delicate  hook  can  be  introduced 
and  a  part  at  least  of  the  loot  plate  brought  away.  II  com- 
plete ossification  has  taken  place  1  should  advise  the  catiiious 
use  of  a  small  guarded  drill,  which  might  be  made  to  perforate 
the  foot  plate  at  its  centre,  alter  which  portions  might  be  re- 
moved with  the  hook.  I  have  never  had  occasion  to  do  Ihti 
upon  the  living  subject,  but  should  not  hesitate  to  do  so. 
using,  of  course,  great  care.  It  would  be  possible  to  cary 
out  this  step  without  evacuating  the  perilymph ;  but  even  if 
a  small  quantity  of  the  fluid  should  be  lost,  Kcsscl's  observi- 
tions  have  proved  that  no  harm  results.  It  need  hardly  be 
said  that  such  interference  is  justifiable  only  in  cases  where 
absolute  asepsis  has  been  preserved. 

After  all  the  operative  steps  deemed  necessary  have  been 
carried  out.  the  cavity  is  to  be  dried  with  pledgets  of  cotloo 
and  atampon  oE  iodoform  gauze  ora  long  pledget  of  cotton  in- 
troduced- This  is  carried  completely  into  the  tympanum  and 
should  fill  the  canal  but  loosely.  The  object  of  the  gauze  is 
to  check  any  oozing  which  may  occur  and  to  serve  as  a  diaio. 
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thus  preventing-  the  fonnntion  of  a  blood  clot  within  the  mid- 
dle car ;  if  this  is. illowed  la  form  it  may  give  rise  to  consider- 
able pain  by  preventing  the  escape  of  secretion  during  the  first 
flays  after  the  operation.  If  there  is  much  pain  a  few  hours  after 
the  operation  this  tampon  is  removed  and  the  car  is  douched 
with  a  warm,  weak  antiseptic  solution  (as,  for  instance,  a  satu- 
rated solution  of  boric  acid  or  a  solution  of  l)ichU>ride  of  mer- 
cury. 1  to  8,000),  after  which  the  tampon  is  reinserted.  When 
the  odor  of  iodoform  is  objectionable,  sterilized  or  boratcd 
gauze  may  be  used.  This  second  tampon  is  allowed  to  remain 
[In  position  for  twenty-four  hours,  and  in  cases  where  there  is 
no  pain  after  the  operation  the  first  tampon  is  not  disturbed 
for  twenty.four  hours.  This  tampon  is  placed  so  deeply  as  to 
be  uut  of  (he  reach  of  the  patient,  while  a  pledget  of  cotton  is 
placed  at  the  orifice  of  the  meatus  to  collect  any  .scroni;  transu- 
date. The  patient  is  allowed  to  change  this  outer  pledget  as 
often  as  it  becomes  saturated,  but  leaves  the  deeper  one  undis- 
turbed. The  subsequent  treatment  depends  upon  the  amount 
of  local  reaction  following  the  procedure.  If  there  is  but  lit- 
tle discharge,  the  cleansing  of  the  car  once  daily  by  the  sur- 
geon, followed  by  the  insufllation  of  boric  acid,  dcrmatoi,  or 
some  kindred  powder,  will  be  all  that  is  necessary.  If  the 
mucous  membrane  over  the  internal  tympanic  wall  appears 
healthy  and  there  is  little  or  no  secretion,  the  best  results  will 
be  obtained  by  keeping  the  canal  aseptic  by  gently  wiping  the 
walls  with  a  solution  of  bichloride  of  mercury  (i  to  5,000)  in 
tifty-per-cent  alcohol,  leaving  the  tympauic cavity  undisturbed. 
If  any  powder  is  insufHaled  it  should  in  these  cases  be  applied 
to  the  walls  of  the  canal  only,  and  should  not  enter  the  tym- 
panum. When  the  middle  ear  Is  not  inflamed,  any  interfer- 
ence retards  the  progress  of  the  case  rather  than  favors  it.  If 
the  patient  can  not  he  seen  daily,  as  is  usually  the  case  in  dis- 
pensary practice,  gentle  s)Tinging  of  the  car  once  or  twice 
daily,  according  to  the  amount  of  discharge,  if  any  appears,  is 
all  that  will  be  required,  but  I  have  never  thought  it  wise  to 
trust  the  insufflation  of  any  powder  to  the  patient.  Wlien  the 
discharge  is  only  slight,  even  the  syringing  is  objectionable, 
and  an  intelligent  patient  may  be  allowed  to  cleanse  the  ear 
by  simply  wiping  it  out  with  a  pledget  of  cotton  wound  upon 
an  appropriate  cotton  holder.  On  the  other  hand.  i(  at  the 
end  of  a  week  there  is  still  considerable  secretion,  the  patient 
is  directed  to  instill  a  few  drops  of  a  solution  of  boric  acid  in 


512 


MIDDLE -EAR  OPERATIONS. 


alcohol  of  a  strength  of  twenty  grains  to  the  ounce,  after  each 
syringing.  The  amount  of  discharge  after  the  operation  will 
depend  upon  ihc  habit  of  the  patient  and  also  upon  the  coiwii- 
tion  o(  the  mucous  membrane  o(  tlie  tympanum.  In  cases  of 
advanced  sclcrosib  the  amount  is  frequently  insignificant.cspc- 
cially  if  the  patient  is  not  of  a  full  habit.  On  the  other  hand. 
when  the  tympanic  cavity  or  the  fornix  tympani  has  been  full 
of  connective  tissue  rich  in  blood  vessels,  the  discharge  fol- 
lowing the  operation  will  be  more  profuse.  It  is  probable, 
also,  that  prolonged  mantpulntion  within  the  cnvity  at  the  tine 
of  the  operation  lavors  a  more  profuse  discharge,  although 
this  is  certainly  nut  true  in  all  cases,  and  should  not  deter  the 
operator  from  doing  a  deliberate  and  thorough  operation. 

I  have  written  somewhat  at  length  about  the  management 
of  the  cases  after  operatitm  because  I  consider  this  nn  impor- 
tant point.  In  a  general  way,  the  less  that  is  done  alter  the 
operation,  the  more  likely  we  are  to  obtain  a  permanent  open- 
ing into  the  tympanic  cavity, a  condition  always  to  be  desired. 
Hence  the  aim  should  be  to  keep  the  car  clean  with  as  little 
manipulation  as  possible,  and  to  avoid  the  use  of  astringents 
or  caustics  to  stop  the  discharge,  since  they  will  certainly  pro- 
mote the  reproduction  of  the  tympanic  membrane. 

The  amount  oE  disturbance  caused  by  the  proccdurede- 
scribed  is  very  slight.  Of  forty  cases,  both  purulent  and  noo- 
purulent,  thirty-five  left  the  hospital  twenty.four  hours  alter 
the  operation  and  resumed  their  regular  daily  work  without 
the  least  trouble,  and  quite  a  number  returned  home  upon  the 
evening  of  the  same  day.  the  operation  having  been  performed 
in  the  afternoon.  Of  course  the  stapes  was  not  removed  in  all 
of  these  cases;  and  when  this  ossicle  is  taken  away  I  prefer  to 
confine  the  patient  to  the  house  fortwcnty-four hours  at  least 
Yet  in  three  cases  of  stapedectomy  the  patients  returned 
home  in  less  lime  than  this  without  any  unpleasant  effects, 
while  in  two  cases  in  which  this  ossicle  was  left  in  silu,  but 
had  been  subjected  to  considerable  manipulation  in  securing 
the  incus,  dizziness  persisted  for  several  days  after  the  opera- 
tion. As  a  rule,  when  the  two  larger  ossicles  alone  arc  to  be 
excised,  the  patient  can  be  assured  that  any  disturbance  sul- 
Rcient  to  incapacitate  him  for  work  will  not  last  more  than 
twenty.four  hours — an  item  of  importance  among  those  who 
find  it  impossible  to  obtain  a  longer  respite  from  their  (lail)r 
vocation.    Of  this  we  can  be  as  certain  as  in  allotting  the  saoe 
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period  (or  the  disappearance  of  the  unpleasant  cSects  of  gen. 
cral  aiiH:sthcsia,  and  the  surgeon  is  justiBcd  in  promising  thai 
the  effects  of  the  operation  will  not  detain  the  patient  alter  the 
disturbance  due  to  the  anesthetic  has  passed  away. 

When  the  stapes  is  to  be  removed,  however,  the  dizxiness 
may  make  locomotion  difficult  for  a  somewhat  longer  period, 
and  if  there  is  a  probability  that  this  will  supervene  it  is  not 
wise  to  promise  that  this  giddiness  will  not  interfere  with  lo- 
comotion for  several  days,  although  in  many  cases  the  giddi- 
ness  will  disappear  rapidly.  II  the  malleus  and  incus  alone 
are  removed  it  will  be  decidedly  rare  for  any  such  disturb* 
ance  to  follow. 

I  have  never  met  with  pain  or  severe  local  inflammntion  as 
the  result  of  these  operations,  for  the  reason,  I  believe,  that 
perfect  drainage  exists.  In  this  respect  1  feci  certain  that  the 
complete  removal  of  the  ossicles  and  membrane  commends 
itsctf,  when  compared  with  some  of  the  intratympanic  opera- 
tions in  which  less  positive  violence  is  done  but  in  which  free 
drainage  is  not  secured. 

As  regards  the  reproduction  of  the  mcmbrana  tympani, 
my  experience  has  been  that,  as  a  rule,  the  membrane 
will  reform,  although  this  is  not  always  the  case.  The 
membrane  which  reforms  is  usually  thin  and  not  as  sensi- 
tive a.s  Ihc  nijrmal  membrane,  and  its  removal  is  but  a  trivial 
measure.  Again,  its  reproduction  does  not  always  impair 
the  result  of  the  operation.  In  cases  in  which,  after  the  mem- 
brane hxs  been  rtpniduced,  the  hearing  becomes  worse  than 
while  a  perforaiinn  was  present,  it  should  be  removed.  Gen- 
eral anaesthesia,  in  my  experience,  has  never  been  necessary. 
The  first  incision  through  the  rncnibraiic  is  slightly  painful, 
after  which  a  few  drops  of  ten-pcr-ccnt  aqueous  solution  of 
cocaine  inlroducetl  into  the  tympanic  cavity  by  means  of  the 
cotton- tipped  probe  renders  the  operation  painless.  K  pre- 
vious  experience  has  shown  that  cocaine  produces  unpleas- 
ant symptoms,  cither  a  saturated  solution  of  cucainc  (Q) 
or  a  twenty. per- cent  solution  of  alypin  may  be  used.  The 
operation  is  best  performed  by  passing  the  sharp  knife 
(Fig.  laj.  r)  through  the  membrane  close  to  the  tympanic 
ring  and  just  below  the  head  of  the  stapes  and  dividing 
the  posterior  attachment  of  the  membrane  close  to  the 
ring  lor  a  shori  distance,  great  care  l)cing  taken  not  to 
wound  the  mucous  membrane  of  the  tympanum.  The  probe- 
pointed  knife  should  then  be  substituted  and  the  attachment 
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followed  downward  to  iu  lowest  poinl.  Il  will  ihen  be  found 
that  the  tissue  is  so  relaxed  that  division  ol  the  antcrioral- 
tachmcnt  is  difficult ;  to  overcome  this  the  sharp  knife  is  again 
passed  through  the  membrane  at  its  lower  part  just  in  front 
of  the  point  where  the  posterior  incision  lerminatcd.  A  liltle 
pain  is  usually  experienced  from  the  incision,  but  it  is  only 
momentary.  The  anterior  attachment  is  now  divided  Irom 
below  upward  with  the  blunt  knife  until  the  incision  neets 
that  which  severed  the  posterior  altachment.  Usually  the  re- 
laxation interferes  with  the  complete  section.  The  membrane 
is  now  held  by  a  thin  strip  of  tissue  above  and  below.  A  toiieh 
with  the  sharp  kiufe  severs  these  attachmcntsor  weakens  ihctn 
to  such  an  extent  that  the  entire  membrane  may  be  easily  i& 
moved  with  the  forceps.  If  it  is  loo  firmly  heh!.  the  small  sds* 
sors  (Fig.  128)  will  be  found  useful.  The  procedure  is  so  sim- 
ple that,  if  attention  is  given  to  secure  an  aseptic  condilion  of 
the  instruments  and  Held  of  operation,  no  reaction  results.  Tht 
operation  may  safely  be  performed  at  the  office  of  the  phya- 
ciauaiid  the  patient  at  once  allowed  to  resume  his  usual  duites. 
It  is  well  to  protect  the  ear  by  the  insertion  of  a  cotton  picdgti 
which  need  not  be  worn  for  more  tfian  forty-eight  hours  after 
the  removal  of  the  new  membrane.  After  this  il  is  well  for 
the  patient  to  occlude  the  meatus  with  a  cotton  pledget  when 
out  of  doors.  At  the  end  of  five  «r  six  days  no  ]irotection  i$ 
necessary.  The  patient  should  be  cautioned  against  taking 
cold ;  but  further  than  this  no  special  precautions  arc  to  be 
advised.  The  procedure  is  not  likely  to  be  loUowed  by  nay 
discharge,  and  all  syringing  of  the  car  is  to  be  avoided  unless 
pain  or  profuse  discharge  supervene,  as  disturbing  the  [iirls 
in  any  way  may  excite  enough  reaction  to  cause  a  reproduc- 
tion of  the  membrane. 

One  point  is  worthy  of  special  attention,  and  that  is  thai 
the  removal  of  a  membrane  which  has  formed  after  operation 
should  not  be  undertaken  until  all  traces  of  inflammation  have 
disappeared.  The  surgeon  must  wait  until  the  newly  formed 
tissue  is  pearly  white  and  glistening  and  until  the  mucous  lin- 
ing of  the  tympanum  has  also  assumed  its  normal  condition, 
as  evidenced  by  the  absence  of  redness,  engorgement  ol  its 
vessels  being  easily  made  out  through  the  thincicatricial  mem- 
brane. If  this  rule  is  not  observed  the  operation  will  be  more 
painful,  and  reproduction  is  almost  certain.  If  the  mcmbraoc 
reform  again,  a  second  or  third  removal  is  still  more  simple,  as 
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Lhe  density  of  the  tissue  is  less  each  time  that  it  is  reproduced. 

In  one  case  this  was  so  marked  that  after  the  first  incision  the 
edges  of  the  wound  retracted  so  widely  Ihat  it  was  jiossiblc 
to  remove  only  a  minute  portion  of  the  ncw-formcd  tissue,  and 
yet  the  tympanum  was  freely  exposed,  and  no  reproduction 
has  followed  at  the  end  of  several  months. 

In  plethoric  individuals  a  persistent  reproduction  of  the 
membrana  tympani  after  excision  can  be  prevented  by  a  re- 
striction of  the  diet  for  a  few  weeks  previous  to  and  following 
the  secondary  removal  of  the  structure.  This  is  suggested 
by  Sexton,*  and  I  have  proved  its  efficacy. 

In  certain  instances  it  may  be  found  that  the  new  mem- 
brane has  become  adherent  to  the  inner  wall  of  the  tympa. 
nam,  thus  rendering  its  complete  removal  diiTicutt.  In  one 
such  case  in  which  the  stapes  had  been  left  in  sUu,  the  hearing 
remaining  impaired,  apparently  on  account  of  the  stapes  being 
bound  down  by  the  newly  formed  membrane,  this  was  divided 
first  behind  the  head  of  the  stapes  and  the  incision  was  car- 
ried downward  close  to  the  tympanic  ring  for  a  distance 
equal  to  about  one  third  its  posterior  margin.  The  stapes 
then  lay  free,  while  in  front  there  was  a  flap  attached  by  adhe- 
sions to  the  inner  tympanic  wall ;  this  llap  was  turned  forward 
and  the  underlying  wall  of  the  tympanum  was  scarified,  after 
which  the  flap  was  replaced  and  pushed  down  upon  the  wall 
of  the  middle  ear.  care  being  taken  that  the  free  margin  lay 
below  the  tympanic  ring.  Adhesion  at  once  resulted,  leaving 
the  stapes  projecting  into  the  canal,  while  the  tympanic  cavity 
was  largely  obliterated  Irom  the  adhesion  of  the  membrane  to 
its  inner  wall.  Thus  the  middle  car  was  thoroughly  protected 
by  a  cutaneous  covering,  while  the  parts  essential  to  audition 
remained  accessible  for  further  operative  procedure.  The 
patient,  though  better,  is  still  under  treatment,  and  I  hope  for 
still  further  improvement  following  the  division  of  remaining 
bands  which  partially  fix  the  stapes.  It  may  be  advisable  in 
certain  cases  to  preserve  the  anterior  portion  of  the  membrana 
tympani  in  removing  the  malleus  and  incus,  and,  after  scarifi- 
cation of  the  inner  wall  of  the  tympanum,  to  attempt  to  secure 
adhesion  of  the  anterior  segment  of  the  membrana  to  this 
structure.  In  this  manner  we  might  shut  off  the  anterior 
part  of  the  tympanic  cavity  from  the  posterior  portion  which 
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contains  the  parts  especially  concerned  in  audition.  The  pt» 
terior  portion  would  become  covered  by  epitlicliura  from 
the  surface  of  the  mcmbrnna  tympani,  and  the  objection  of 
having  an  exposed  mucous  surface  would  be  avoided.  We 
could  by  care  secure  a  thin  epithelial  covering  for  the  round 
and  oval  windows,  the  stapes  being  removed ornot, according 
to  indications.  1  have  never  performed  the  operation  with 
this  object  in  view,  but,  from  the  fact  that  Nature  occasionally 
succeeds  in  doing  this  unaided,  it  may  not  be  out  of  place  lo 
suggest  it  here  as  worthy  of  a  trial. 

Teehmque  of  Operation  whtTf  the  Mfmbrane  is  Parlialfy  or 
almost  Complettiy  Destroyed. — Where  the  ossicles  are  to  be  re. 
moved  for  the  relief  of  a  purulent  inflammation  general  an- 
xsthesia  should  be  employed,  since  removal  of  the  ossicles 
alone  constitutes  but  a  small  part  of  the  operation.  The 
pathological  process  is  seldom  confmcd  to  these  structures, 
but  has  involved  as  well  the  bony  walls  of  the  tympanic  civ< 
ity,  and  it  becomes  necessary  to  curetie  thoroughly  the  entire 
space  if  the  process  is  to  be  permanently  checked.  In  these 
cases  also  the  malleus  and  incus  are  frequently  destroyed  id 
large  part,  nought  but  minute  fragments  remaining.  To  se- 
cure these  fragments,  prolonged,  and  sometimes  forcible,  ma- 
nipulation becomes  necessary,  and  a  thorough  operation  is 
possible  only  under  general  anx-sthesia. 

When  a  purulent  inflammation  has  resulted  in  the  destruc- 
tion of  a  considerable  portion  of  the  mcrabrana  tympani.  the 
method  of  procedure  must  be  modified  to  a  certain  exteoL 
In  some  of  these  cases  wc  shall  find  the  lower  portion  of  the 
membrana  wanting,  the  membrana  flaccida  thickened  and 
highly  vascular,  binding  the  ossicles  down  and  concealing 
them  more  or  less  completely.  We  may  be  able  to  recognize 
by  inspection  only  the  prominent  short  process  of  the  malleus 
and  a  portion  of  the  manubrium,  the  latter  lying  almost  hori- 
zontal, its  tip  bound  firmly  to  the  upper  part  of  the  inner 
tympanic  wall.  Behind  the  short  process  examination  with  a 
probe  reveals  the  incus  and  stapes  as  present,  but  whether  in 
their  entirety  or  not  can  not  be  determined.  In  other  cases, 
while  there  may  have  been  extensive  destruction  of  the  mem- 
brana tympani,  the  posterior  superior  segment  is  covered  with 
a  thin  cicatricial  membrane,  through  which  the  incudo-stap^ 
dial  articulation  is  plainly  seen,  or  this  joint  may  be  com- 
pletely exposed,  no  covering  being  present.    My  rule  has  bceo. 
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in  all  cases  where  the  incudo-s taped ial  articulation  is  visible, 
or  where  this  rejjion  is  covered  by  a  nonvascular  membrane 
the  division  nf  which  will  not  lead  to  annoying  ha-morrhagc, 
to  divide  first  the  stapedius  muscle  and  then  the  incudo- 
stapedial  articulation  in  the  manner  described  when  consider* 
jng  the  method  of  operation  in  cases  in  which  the  mcmbriina 
is  intact.  When,  however,  it  is  evident  that  an  incision  in 
this  region  will  be  followed  by  haemorrhage,  such  a  step  serves 
only  to  complicate  the  operation,  as  the  bleeding  will  render 
il  impossible  to  see  the  incudo-stapedial  joint,  much  less  to 
disariiciilatc  with  certainty,  and  will  Ireqiienlly  completely 
obscure  the  field  of  operation,  hiding  even  that  most  promi. 
nciit  and  imporumt  landmark,  the  shifri  process  of  the  mal- 
leus, su  that  considerable  difficulty  may  be  experienced  in 
removing  even  this  ossicle.  Experience  shows  us  that  when 
this  condition  is  present  there  is  very  little  haemorrhage  after 
the  tncmbrana  flacctda  has  been  completely  freed  from  its 
attachments  and  removed,  together  with  the  malleus.  Our 
hrst  step,  then,  will  be  to  insert  the  straight  pointed  knile 
above  the  short  process,  pushing  it  inward  and  upward  until 
the  inner  wall  of  the  tympanum  is  encountered;  it  is  then 
made  to  divide  rapidly  the  atUichmeiits  of  the  remnant  of  the 
membrane  to  the  tympanic  ring  by  directing  its  edge  back- 
ward and  incising  close  to  the  margin  of  the  ring;  without 
removing  it  from  the  wound,  the  edge  is  turned  in  the  oppo- 
site direction  and  divides  the  anterior  attachments.  Incut, 
ting  backward,  the  operator  must  bear  in  mind  that  the  in- 
cudo-stapedial articulation  has  not  been  severed,  and  in  this 
region  as  little  force  as  possible  should  be  used.  For  this 
reason,  also,  the  posterior  incision  should  be  made  first  as 
above  directed.  Almost  immediately  the  fundus  of  the  canal 
fills  with  blood,  but  for  a  few  seconds  at  least  the  short  pro- 
cess is  plainly  visible  ;  and  if  examination  has  shown  us  that 
the  manubrium  is  not  firmly  bound  to  the  promontory,  the 
malleus  is  at  once  seized  with  the  forceps  just  below  the  short 
process  and  removed  in  the  manner  already  described.  If, 
however,  firm  adhesions  arc  known  to  exist,  or  if  the  mal- 
leus is  found  to  be  firmlv  fixed  nn  grasping  il  with  the  for- 
ceps, no  force  should  be  used  to  effect  its  removal,  but  the 
canal  should  at  once  be  tamponed  firmly  with  cotton  by  car- 
rying an  elongated  plug  saturated  with  a  r-l,ooo  solution  of 
adrenalin  chloride,  into  the  tympanic  cavity  with  the  forceps 
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and  pressing  it  Brmly  upon  the  internal  tymi>anic  wall.  Upon 
this  tampon  a  second  and  third  are  crowded  until  there  is  no 
bleeding  about  the  plugs.  If  this  packing  is  allowed  to  r^ 
main  in  position  for  a  few  moments  and  then  removed  with 
the  forceps,  the  field  of  operation  will  be  found  to  be  dry,  the 
bleeding  having  been  entirely  checked.  Any  given  area  can 
be  more  completely  cleansed  by  touching  it  with  a  small 
pledget  wound  upon  a  cotton-holdcr.  The  adhesions  binding 
ttie  malleus  to  the  promontory  can  now  be  divided  with  the 
blunt  knife  curved  on  the  flat,  after  which  the  ossicle  is  re- 
moved by  means  of  the  forceps.  If  the  malleus  is  still  firmly 
fixed,  manipulation  by  means  of  the  probe  will  determine  the 
situation  of  the  undivided  attachments  and  their  section  cao 
be  effected. 

When  it  has  been  possible  to  divide  the  incudo-stapediil 
articulation  as  the  initial  step,  I  frequently  remove  the  malleus 
in  the  manner  described  as  the  second  step  of  the  operation,  in 
place  of  the  first,  after  freeing  the  remnant  of  the  membrane 
from  its  peripheral  attachments  below,  anteriorly  and  posteri- 
orly. This,  of  course,  applies  to  cases  in  which  the  greater  por- 
tion of  the  tympanic  membrane  has  been  destroyed.  Wheo 
only  a  comparatively  small  portion  of  the  mcmbrana  vibransis 
wanting  and  excision  is  deemed  proper,  it  may  be  well,  alter 
dividing  the  incudo-stapedial  articulation,  to  sever  the  pe- 
ripheral attachments  of  the  membrane  from  below  upward  by 
means  ol  a  blunt  knife  introduced  through  the  perforation. 
As  a  rule,  however,  so  many  adhesions  exist  between  the 
inner  tympanic  wall  and  the  lower  portion  of  the  mcmbraiu 
that  such  a  procedure  is  unadvisable.  Moreover,  the  parts 
are  frequently  so  vascular  that  the  attendant  bleeding  may 
complicate  the  more  important  part  of  the  procedure — the 
division  of  the  superior  attachments  and  the  removal  of  llie 
malleus.  It  is  usually  wiser  in  these  cases  to  divide  the  upper 
segment  first,  the  knife  being  carried  into  the  [>crforatioD  in 
terminating  the  posterior  and  anterior  incisions. 

It  may  seem  hazardous  to  subject  the  stapes  to  the  possi- 
bilities of  violence  attendant  upon  removal  of  the  malleus  b^ 
fore  the  incudo-stapedial  articulation  has  been  divided.  A 
moment's  reflection  will  convince  one,  however,  that  the 
presence  of  firm  connective  tissue  which  renders  the  proee- 
dure  necessary  also  fixes  the  stapes  so  firmly  that  intelligent 
manipulation  can  scarcely  displace  it,  while  the  danger  of  in- 
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flicting  such  an  injury  is  much  greater  If  an  attempt  is  made 
to  divide  the  articulation  with  the  field  of  operation  partially 
obscured  by  blood.  Again,  it  frequently  happens  that  the 
long  process  uf  the  incus  has  become  necrotic  and  the  articu- 
lation has  been  destroyed,  so  that  no  connection  between  the 
two  ossicles  exists. 

Alter  the  roaltcus  has  been  removed,  the  stapedius  muscle 
and  incu do- stapedial  articulation  should  be  found  and  divided, 
unless  this  step  has  already  been  performed,  after  which 
search  is  made  for  the  incus  in  the  manner  already  fully  de- 
scribed.  It  should  be  remembered  that  as  caries  more  fre- 
quently attacks  the  incus  than  any  other  ossicle,  it  may  be 
partially  or  completely  destroyed.  In  the  former  case  its  re- 
moval is  oltcn  difficult,  while  it  is  important  to  determine  with 
certainly  the  latter  condition,  to  avoid  a  prolonged  search  if 
It  is  absent.  It  should  also  be  b»irnc  in  mind  that  the  patho- 
logical process  may  have  resulted  in  a  bony  union  between 
the  incus  and  malleus,  and  that  both  ossicles  may  be  extracted 
together.  In  case  both  ossicles  were  intact,  the  operator  could 
not  overlook  such  an  occurrence ;  but  when  one  or  both  have 
been  partially  destroyed,  careful  inspection  of  the  portions  re- 
moved may  be  necessary,  to  determine  the  simultaneous  re- 
moval of  the  malleus  and  incus.  The  operator  should  then, 
upon  extracting  what  he  supposes  to  be  the  malleus,  carefully 
examine  it,  in  order  to  assure  himself  that  the  body  of  the  incus 
is  not  attached  thereto.  If  nothing  but  the  malleus  is  found, 
the  field  of  operation  should  be  dried  and  inspected  carefully. 
If  no  portion  of  the  incus  is  seen,  special  attention  should 
next  be  given  to  the  postero-superior  segment  of  the  field.  It 
sometimes  happens  that  the  incision  has  not  been  close  to  the 
tympanic  ring  in  this  region,  a  circumstance  not  easily  recog- 
ni2e<i  unless  the  parts  arc  touched  with  the  probe,  when  it  will 
be  found  that  a  small  curtain,  or  flap,  of  tissue  remains  undi- 
vided. The  destruction  of  a  small  part  of  the  ring  at  this  point, 
as  the  result  of  caries,  also  gives  rLsc  to  a  similar  appearance. 
It  quite  frequently  happens  that  the  incus  is  adherent  to  this 
flap,  or  completely  concealed  by  it.  Division  of  the  soft  parts 
close  to  the  bony  margin  will,  in  such  a  case,  bring  the  incus 
into  view.  If  not  found  in  this  situation,  the  ossicle  must  be 
searched  for  with  the  iticus  hook,  in  the  manner  already  de- 
scribed while  considering  the  operation  in  cases  with  an 
intact  membrana  tympani.     If  all  of  these  manipulations  fail 
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to  bring  the  incus  into  view,  or  if  it  has  not  been  felt,  and  the 
incus  liook  can  be  carried  freely  from  bebind  fonvarcl.  throi^h 
the  vault  of  the  t>ni|jamim.  the  operator  may  decide  tliat  ihc 
ossicle  has  been  destroyed  by  caries,  or  that  it  has  suffered 
partial  destruction,  and  tlie  remaining  portion  has  become  anwi- 
gamated  with  the  tympanic  roof.  If,  however,  it  has  been  sew 
or  felt  at  any  time,  its  subsequent  loss  will  mean  dislocation  into 
the  mastoid  antrum. 

The  management  of  the  stapes  ami  the  region  of  the  round 
window  is  comhicted  in  the  manner  already  described. 

.\ny  parts  of  the  mcnibrana  tympani  which  may  remain  in 
the  lower  portion  of  the  fundus  arc  to  be  removed  with  the 
kniJe.  curette,  and  forceps  if  they  are  the  scat  of  a  hypertrophic 
process,  as  evidenced  by  considerable  thickening  and  increased 
vascularity,  for  they  may  conceal  areas  of  bony  necrosis,  il, 
however,  the  appearance  of  the  lower  portion  of  the  rnein- 
brane  is  liealthy,  we  may  feel  certain  that  the  bony  structures 
are  unaffected,  and  that  there  is  no  indication  for  the  removal 
of  the  lower  portion  of  the  membrane— in  fact,  its  presence 
will  ha.sten  cicatrization. 

.•\(ter  drying  the  lympannm  thoroughly,  we  should  nest 
search  for  softened  bone,  both  by  inspection  and  with  the  probe. 
Inspection  will  often  reveal  here  and  there  unhealthy  granu- 
lation tissue  indicative  of  the  presence  of  <lead  bone.  The  probe 
should  be  made  to  traverse  carefully  the  entire  inner  wall  of 
the  tympanum,  and  should  also  be  bent  at  a  right  angle  at 
the  tip,  to  enable  the  surgeon  thoroughly  to  explore  the  lyn- 
panic  vault.  The  curette  shonld  then  be  freely  used,  and  all 
granulation  tissue  and  softened  bone  should  be  removed.  For 
the  atrium  the  straight  curette  (Fig.  123.  a)  will  be  found  serr* 
iceable,  but  for  the  vault  the  sharp  spoons,  bent  at  a  right  angle 
(Fig.  123,  II,  i),  must  be  called  into  requisition.  This  procedure 
of  thoroughly  removing  exuberant  granulations  and  curetting 
the  walls  of  the  entire  cavity  is  of  the  greatest  importance.  aoJ 
should  be  conducted  with  special  care,  as  the  ultimate  success 
of  the  operation  often  depends  quite  as  much  upon  ihi.s  ^'ep 
as  upon  the  removal  of  the  ossicles.  An  area  of  softened  bone 
in  the  vault  of  the  tympanum  will  keep  up  the  discharge  (or 
a  long  time,  ami  render  the  result  of  the  operation  far  frow 
satisfaetorj-.  Hence  quite  as  much  attention  should  be  given 
to  this  procedure  as  to  the  removal  of  the  ossicula.  The  curette 
should  also  be  introduced  well  into  the  tymjranic  orifice  of  the 
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Eustachian  lube,  so  as  to  cause  a  closure  of  this  tube,  if  possible, 
to  prevent  sul)sc'|uent  infection  of  the  middle  ear  from  tlie  naso- 
pliarynx.  After  the  bony  wall«  of  the  tympanum  have  been 
thoroughly  curetted,  the  margins  of  the  lynipantc  ring  shouhi 
receive  attention.  It  frequently  happens,  uhen  luiig-cciiiiiiuied 
suppuration  has  existed,  that  llie  margin  uf  the  ring  becomes 
involveJ.  This  is  particularly  true  of  the  superior  and  postero- 
siiperior  itiarjpii.  on  account  of  its  intimate  relation  to  the  ossic- 
ula,  and  because  it  forms  a  portion  of  the  floor  of  tlie  vault  of 
the  tympanum.  Any  roughness  or  softening  in  this  region 
should  lie  <leali  with  radically.  All  diseased  areas  should  be 
removed  with  a  curette,  and  a  portion  of  the  ring  may  be  excised 
with  the  cutting  forceps  if  necessary. 

After  all  these  steps  have  been  carried  out,  the  trcalnient 
of  the  case  for  the  first  twenty-four  hours  will  not  differ  from 
the  after-treatment  uf  cases  in  which  the  mcmbrana  tympaiii 
was  originally  intact.  The  treatment  subsequent  to  the  first 
twenty-four  hours,  however,  must  var>'  with  each  individual 
case.  While  the  discharge  continues  profuse,  the  ear  must  be 
cleanse<l  hy  the  patient  witli  the  syringe  ami  a  mild  antiseptic 
solution  twice  daily,  or  more  frequently  if  this  is  necessary  to 
kee]i  the  parts  clean.  At  the  end  of  a  week,  if  there  is  con- 
siderable discharge.  I  recommend  the  instillation  of  the  solu- 
tion of  boric  acid  in  alcohol  twice  daily  after  thorough  cleans- 
ing. Any  granulation  tissue  must  be  destroyed,  as  it  appears, 
by  means  of  chromic  acid,  silver  nitrate,  the  actual  cautery, 
or  any  other  destructive  agent. 

As  the  discharge  becomes  almost  nil  we  may  dispense  with 
the  syringe,  and  the  patient  may  be  allowed  to  cleanse  the  ear 
by  means  of  pledgets  of  ctilton  w»iund  upon  any  convenient 
probe,  while  the  surgeon  may  once  or  twice  weekly  insufflate 
a  small  quantity  of  bnricacid,  dcrniatol.  or  other  mild  antiseptic 
or  stimulating  powder,  until  all  discharge  ceases. 

It  has  been  my  good  fortune  in  the  majority  of  such  cases 
either  to  stop  the  discharge  completely  or  to  diminish  it  so 
much  that  it  has  ceased  to  be  a  source  of  annoyance.  The 
length  of  lime  which  must  elapse  after  the  operation  liefore 
complete  cessation  of  the  discharge  must  vary  with  each 
case,  depending  upon  the  extent  of  the  original  involve- 
ment. Where  the  caries  has  invaded  the  tympanic  walls 
the  discharge  wilt  naturally  persist  for  a  longer  period 
than   when   the  disease   has  been   Umitcd   to   the   ossicles. 
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From  six  to  eight  \ve<:ks  is  the  average  time.  In  some  casn 
cicatrization  may  be  pcrlecl  at  the  end  o(  two  or  three  wetks, 
while  ill  others  the  same  number  ol  months  must  elapse. 

The  technique  given  varies  in  some  particulars  from  that 
advocated  by  other  operators.  In  the  division  ol  the  incudo- 
stapedial  articulation  the  ordinary  direction  is  to  enter  the 
knife  behind  the  long  arm  of  the  incus  and  divide  the  aitioi- 
lation  by  cutting  downward  and  forward.  Those  who  advo- 
cate this  plan  of  procedure  say  that  the  pressure  of  the  insini- 
ment  is  then  opposed  by  the  action  of  the  stapedius  muscle, 
and  danger  of  injury  to  the  stapes  is  avoided,  while  al  the 
same  lime  tlic  resistance  of  the  stapedius  renders  the  division 
more  easy.  My  own  preference  is  to  sever  completely  the 
stapedius  tendon  before  attempting  to  disarticulate,  as  by  ifii;- 
means  the  articulation  is  brought  more  perfectly  into  view 
through  the  action  of  the  tensor  tympani  and  tense  ligament- 
ous bands  located  anteriorly.  If  the  stapedius  muscle  is  not 
completely  divided  as  the  initial  step,  the  stapes,  after  disarti- 
culation, is  frequently  pulled  out  ol  sight  behind  the  margin  of 
the  tympanic  ring.  After  division  ol  the  stapedius,  disarticu- 
lation by  the  method  usually  recommended  may  dislocate  the 
stapes,  although  this  is  not  likely  to  occur.  It  is  often  difli- 
cult,  however,  to  insert  the  knife  between  the  tympanic  ring 
and  the  long  arm  of  the  incus,  and  for  this  reason  I  prefer  ihc 
method  given  in  my  description  ol  the  technique  of  the  pro- 
cedure— that  is,  to  pass  the  angular  knife  in  front  of  the  long 
arm  of  the  incus  and  open  the  articulation  by  cutting  down- 
ward and  backward  against  the  pull  of  the  tensor  tvmpani.  or 
to  open  the  joint  at  its  lower  aspect,  and  then  to  sweep  lh< 
knife  through  it  by  carrying  it  backward  and  forward.  By 
either  of  these  methods  the  joint  is  more  easily  opened  than 
when  an  attempt  is  made  to  carry  the  angular  blade  behind 
the  long  process  of  the  incus,  which  frequently  lies  so  cicise  in 
the  tymfianic  margin  that  considerable  violence  must  be  used 
in  introducing  the  knife. 

In  removing  the  incus  Krctschmann,*  who  was  the  first  to 
formulate  the  procedure  for  removing  this  ossicle,  made  it* 
of  a  hook  which,  in  addition  to  the  curve  shown  in  Fig.  lajjii 
was  bent  outward  at  the  distal  extremity  so  that  when  the  id* 
strument  was  in  position  I  he  tip  rested  upon  that  small  shell- 
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like  structure  o[  the  superior  wall  of  the  canal  which  affords 
lodgment  for  the  incus.  He  introduced  the  instrument  with 
the  concavity  directed  backward,  and  brought  the  incus  into 
view  by  rotation  backward  and  traction  downward.  While 
this  manipulation  is  no  doubt  of  great  value  in  certain  cases, 
the  backward  rotation  seems  more  likely  to  carry  the  ossi- 
cle far  out  of  reach  toward  the  mastoid  antrum  in  case  it  is 
not  secured  at  once,  and  the  manipuLation  of  attempting  to 
bring;  the  long  process  into  view  by  passing  a  hook  behind  it 
and  rotating  forward  has  in  my  hands  proved  very  satisfac- 
tory', while  it  certainly  lessens  the  danger  of  displacing  the 
ossicle  far  backward. 

The  teaching  that  it  is  not  advisable  to  make  a  prolonged 
search  for  the  incus  seems  to  mc  unwise.  In  noi).i>u|ipurative 
cases  careful  manipulation  will  render  failure  to  secure  it  ex- 
ceedingly rare.  If  it  has  not  been  displaced  it  must  occupy 
its  original  position,  and  failure  to  bring  the  long  process  into 
the  field  of  vision  will  render  it  impossible  for  the  operator  to 
becertainof  a  complete  division  of  the  incudo-stapcdial  articu* 
lation  ;  or  it  the  head  of  the  stapes  is  seen  lying  free  in  the 
held,  it  is  certain  that  the  incus  has  been  displaced  and,  by 
acting  as  a  foreign  body,  may  give  rise  to  trouble  if  allowed 
to  remain.  U  the  long  process  is  in  view  there  is  no  difficulty 
in  removing  the  ossicle. 

[n  punilenl  cases  it  is  still  more  important  that  the  ossicle 
should  be  removed.  Ludewig  *  found  the  incus  carious  in 
eighty.five  per  cent  of  the  cases  upon  which 
he  operated.  In  twcnLy<nine  cases  of  puru> 
lent  otitis  operated  upon  by  the  author,!  the 
ossicle  was  carious  in  nineteen,  while  in  eight 
it  had  been  completely  dcstruyc<l.  Prolonged 
manipulation  in  searching  for  the  ossicle  has 
not,  in  my  hands,  in  any  way  added  to  the  re- 
action following  the  procedure,  nor  has  it  interfered  with  the 
results.  I  sh<^uld  therefore  earnestly  advise  prolonging  the 
operation  for  the  purpose  of  securing  the  incus  rather  than 
performing  a  rapid  operation  and  failing  in  its  removal. 

Among  the  complications  which  may  interfere  with  the 
operation,  haemorrhage  is  the  one  upon  which  special  empha- 


Fid.  140. — C-wiet  of 
Inciu.  Long  pro- 
ecu  [le»in>]rcd ; 
anicular  xurfan 
eroded.  (Auihoi's 
tpccimci),  natural 


*  Ar«%.  nu  Ohronbrilk.,  -n-].  txix,  p.  341 ;  vol.  x»,  p.  363. 

t  Supplement  ta  tlie  Rcrciencc  IIandl»uk  of  Medial  Sdcaccs,  New  York,  169^ 


524 

sis  is  laid.  Since  I  have  operateil  with  the  patient  in  theseni- 
recumbent  position,  annoying  haimorrhage  has  been  the  n. 
ception  rather  than  the  rule.  If  it  is  sufllcieni  to  iiiterferc 
with  the  manipulation,  it  can  always  be  checked  by  tampon- 
ing the  canal  firmly  with  coHon  pledgets.  It  is  importaDtin 
executing  this  manoeuvre  that  the  first  pledget  should  be  car- 
ried well  into  the  tympanic  cavity,  and  also  that  the  pledgets 
should  not  be  too  large,  as  the  removal  of  a  large  tampon  fa 
Ukely  to  lead  to  a  recurrence  of  the  ha:niorrhage.  This  ob- 
jection is  overcome  if  a  number  of  small  plugs  are  used  in- 
stead oi  a  few  large  ones.  It  may  be  necessary  to  repeat  the 
tamponing  several  timet,  but  it  will  certainly  effect  its  pur. 
pose  if  a  little  patience  is  exercised.  In  place  of  the  cotton 
pledgets,  a  strip  of  sterile  gauze  may  be  used.  This  is  nmre 
easily  removed  than  the  cotton  tampons,  and  is  equally  effi- 
cient. It  has  recently  been  my  practice  to  moisten  thestriji 
of  gauze  witi)  the  sterilized  suprarenal  solution  already  men- 
tioned. The  hxraostatic  action  of  this  preparation  material^ 
increases  the  efficiency  of  the  tampon.  Schmicgclow  •  has  r& 
ported  one  case  in  which  the  ha;morrhagc  was  so  severe  thai 
he  was  obliged  to  discontinue  an  attempt  to  excise  the  malleus. 

My  own  experience  with  intratympanic  operations,  raorc 
especially  the  particular  class  now  under  discussion,  has  led  me 
to  consider  them  remarkably  free  from  risk.  It  is  possiNe, 
however,  lor  unpleasant  sequelw  to  follow  such  procedures. 
Among  these  the  most  important  are  injury  to  the  facial  nerrc. 
deafness  from  accidental  impaction  of  the  stapes  into  the  onl 
window,  injury  to  the  labyrinth  from  accidental  or  intctniow! 
removal  of  the  stapes,  either  by  direct  traumatism  or  by  in- 
fection, etc.,  and  inftammaiioti  of  the  mastoid  process. 

The  facial  nerve  is  occasionally  injured  by  the  incus  hoot 
The  cause  of  this  accident  is  to  be  found  cithcrinacongeoJtl! 
defect  in  the  Fallopian  canal  or  in  the  partial  or  complete  de- 
struction of  its  walls  as  the  result  of  disease.  With  thcexer- 
cisc  o!  a  little  care  in  manipulating  the  incus  hook,  bc-iringin 
mind  that  great  force  is  not  necessary  to  displace  the  ossicle, 
the  accident  can  usually  be  avoided.  If  the  facial  ncnrc  is 
touched  by  the  instrument  the  twitching  of  the  face  immedi- 
ately warns  the  operator  of  what  has  occurred,  and  sutef- 
quent  caution  will  prevent  serious  injury.  In  one  of  myoiro 
cases  twitching  of  the  face  was  noticed  while  attempting  to 
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locate  the  incus,  and  upon  recovery  from  anesthesia  there  was 
marked  paresis  of  the  corresponding  side  of  the  face;  the  fa- 
cial nerve  had  hecn  shghlly  involved  before  the  operation,  but 
after  this  the  signs  were  much  more  pronounced.  The  paraly- 
sis ilisappcarcd  under  the  use  of  tlie  faradic  current.  Facial 
paralysis  consecutive  to  a  similar  operation  occurred  also  in  a 
case  reported  by  Ludcwig." 

In  view  of  tht  fact  that  all  portions  of  the  tympanic  cavity 
arc  not  acc^ssihlc  through  the  canal,  ami  in  order  that  the  pro- 
cedure may  be  more  directly  under  the  eye  of  the  operator, 
Stackc  +  prefers  to  expose  the  parts  by  external  incision.  His 
method  is  as  follows:  An  incision  is  made  down  (o  the  bone 
just  behind  Ihc  attachment  of  the  auricle,  and,  following  this 
in  direction,  is  continued  from  the  tip  of  the  maflloi<l  process 
to  a  point  just  above  the  tragus.  With  a  small  elevator  the 
cartilaginous  meatus  and  as  much  as  possible  of  the  periosteum 
of  the  osseous  canal  are  separated  from  the  bony  ]»arts.  In 
this  manner  the  superior,  posterior,  and  inferior  aspects  of  ihe 
margin  of  the  bony  meatus  are  exposed.  The  soft  parts  are 
now  divided  transversely  downward  and  forward  as  deeply  in 
the  canal  as  possible,  and  by  traction  upon  the  auricle  thefimnel- 
like  mass  is  pulled  out  of  the  bony  meatus  (Fig.  150).  The 
periosteum  of  the  anterior  wall  is  next  divided,  when  the  entire 
cartilaginous  meatus  and  a  part  of  the  thin  cutaneous  lining 
of  the  osseous  canal  may  by  traction  forward  be  so  displace*! 
as  to  leave  the  margin  of  the  bony  meatus  entirely  free.  Ttie 
tympanic  structures  may  then  be  seen  by  direct  tight  and  all 
affected  parts,  including  the  carious  ossicles,  arc  removed.  Dy 
means  of  the  gouge  the  superior  and  |><istcri<3r  margins  of  the 
inner  extremity  of  the  bony  meatus  may  now  be  removed,  and 
the  stapes  l>eing  protected  by  a  proper  instrument,  the  curette 
may  be  freely  used  In  tlii?  vaidi  of  the  tvmpanum,  the  manipu- 
lations Wing  under  ocular  inspection.  In  ibis  manner  llie  en- 
tire cavity  may  be  cleared  completely  of  necrotic  tissue  and  the 
mastoid  antnmi  even  may  be  exposed.  In  case  tliere  is  evi- 
dence of  serious  mastoid  involvement  the  original  incision  is 
made  a  little  farther  back  than  directed  and  the  antrum  entered 
in  the  ordinarj-  way.  after  which  the  tympanic  cavity  is  exposc<l 
and  treate<l  in  the  manner  dcKribcd,  and  finally  the  canal  and 
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(he  artificial  opening  into  the  antrum  arc  thrown  into  one.  In 
this  way  the  middle  ear.  mastoid  cells  and  canal  are  converted 
inio  a  single  cavity,  all  parts  of  which  arc  easily  accesuble 
through  the  external  meatus. 

After  the  operation  the  cartilag'inons  canal  is  replaced  bdiI 
a  drainage  tube  is  |>asscd  into  the  bony  meatus,  completely  fill- 
ing its  lumen,  and  ihusprcvcntingdispiacemcnt  of  the  soft  pans. 
Instead  of  the  drainage  tube  it  is  quite  sufficient  to  pack  the 
meatus  firmly  by  means  of  iodoform  gauze,  the  gauze  being 
carried  well  into  the  tympanic  cavity  and  applied  firmly  enough 
to  crowd  the  soft  parts  upward  and  outward  against  the  bony 
wall  of  the  canal.    Contrary  to  the  ^lireclions  given  by  Stackc. 
I  do  not  consider  it  necessary  to  carry  the  transverse  incision 
through  the  anterior  canal  wall.    It  is  quite  sufficient  lo  incise 
the  superior,  posterior,  and  inferior  walls  of  the  libro-cartibgi- 
nous  tube,  after  separating  the  soft  parts  from  the  bony  struc- 
tures to  which  they  are  attached.    A  better  view  of  ilie  deeper 
parts  may  be  gained  if  Ijefore  retracting  tlie  anterior  flap  a  hori- 
zontal incision  be  made  along  the  middle  of  the  posterior  wall  of 
the  fibro-cartilaginous  canal,  this  incision  extending  from  the 
point  where  the  canal  is  divided  transversely,  to  a  jioint  just 
within  the  concha.     If,  now,  a  strip  of  gauze  is  introdticed 
through  the  external  amlitory  canal  anil  brought  out  at  the 
external  opening,  firm  traction  on  this  gaurc  strip  will  draw  the 
entire  anterior  flap  forwanl,  and  enable  the  operator  to  seethe 
fun<lns   iif  the  canal   very   cle:irly.      The   external   incision  b 
sutiiTcd.  all  ilniinage  being  through  the  meatus.    In  cases  where 
the  mastoid  antrum  has  been  freely  exposed  it  is  usual  to  inci« 
the  soft  parts  of  the  canal  longitudinally  along  the  posterior 
aspect  and  press  the  flaps  thus  formed  backward  into  the  canity, 
holding  thcni  in  position  with  tampons  of  iodnfomi  gauM.  I" 
this  manner  a  cutaneous  lining  for  the  mastoid   antnitu  is 
secured.    The  same  result  is  attained  by  cutting  a  quadriUtenI 
flap  from  the  cutaneous  eanal  and  carrying  it  into  the  antnini. 

From  a  careful  study  of  the  Staokc  operation,  I  am  not  yet 
convinced  of  its  value.  My  own  experience  in  the  treatment 
of  mild  cases  of  middle-car  suppuration  by  the  removal  of  tin 
ossicles  through  the  canal,  the  removal  of  the  floor  of  the  t>Tii- 
pnnic  attic  by  means  of  the  rongeur  forceps,  and  the  thorousl" 
curettemcnt  of  the  entire  tympanic  cavity,  including  the  vauli. 
has  led  me  to  believe  that  where  the  disease  is  conftned  lot^t 
middle  ear  alone,  this  method  of  procedure  is  eminently  salis- 
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factor)-.  Out  of  ninety-two  cases  upon  which  I  have  operated 
by  removing  !hc  ossicles  and  curetting  the  tympanic  cavity, 
fifty-three  were  cured,  twemy-fivc  improved,  two  unimproved, 
ami  in  twelve  the  result  was  iinknuwii.  Scliroeder  *  rieports 
one  hundred  and  thirty  cases  of  extraction  of  malleus  and 
incus  for  middle-car  suppuration.  Out  of  this  number  sixty- 
two  were  cured,  thirty-nine  were  not  cured,  and  in  twenty- 
eight  the  result  wa.s  unkiK>wn, 

I  confess  that  by  personal  experience  this  operation  has 
been  limited  to  a  few  cases.  These  possibly  may  not  have  been 
well  selected,  although  considerable  care  was  exercised  in  their 
selection.  My  own  belief  is  that  where  a  posterior  incision  is 
necessary,  in  order  to  remove  carious  bone  from  the  tympanum. 
the  ojKrator  should  not  he  content  to  expose  the  tympanic  vault 
and  iultlus  ad  anlrum  alone,  eis  these  parts  can  be  cfpially  well 
c\'posc<I  through  the  natural  channel.  When,  therefore,  any 
doubt  exists  as  to  the  extent  of  the  supi»irativc  process,  it  has 
always  been  my  practice  to  do  the  complete  Slackc-Schwartze 
operation — that  is,  to  enter  the  mastoid  antrum  in  the  usual 
way,  and  to  throw  this  cell  and  the  vault  of  the  tympanum  into 
one  large  cavity  communicating  directly  with  the  external  mea- 
tus. Tliis  operation  is  fully  described  on  a  snbsetpienl  iiage, 
under  the  head  of  the  Stacke-Schwartzc  Operation. 

Stapedectomy. — (a)  IVlicn  the  manbrana  tYmf>ani  is  intacl. 
The  incudo- stapedial  articulation  is  exposed  either  by  a  curved 
incision  in  the  postero-supcrior  quadrant  close  to  the  attach- 
ment of  the  membrane  to  the  tympanic  ring,  or  by  a  triangu- 
lar incision  in  this  situation,  or  by  the  incision  already  de- 
scribed in  the  ojieration  of  exploratory  myringotomy.  After 
the  iiicudo-stajieilial  articulatiim  is  brought  into  view  the  sta- 
pedius muscle  should  be  completely  divided;  the  incudo- 
staiKdial  articulation  is  then  severed  and  the  long  arm  of  the 
incus  pushed  forward  so  as  not  to  interfere  with  tlie  subse- 
quent steps.  If  ihe-presence  of  the  incus  still  interferes  with 
the  separTilion  of  the  stapes  the  long  process  may  be  seized 
with  the  forceps  and  the  ossicle  removed.  The  stapes  is  then 
free<l.  by  means  of  the  sharp  straight  knife,  from  ailliesions 
binding  it  to  the  oval  niche,  and  is  removed  by  gentle  traction 
with  the  forceps  or  by  a  hook  passed  between  the  cnira.  It  is 
important  to  sever  the  stapedius  muscle  completely  before  dis- 
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articulation,  as  otherwise,  after  separation  from  the  incus,  the 
stapes  may  be  piillcd  out  of  view.  If  the  foot  plate  is  found 
anchyloscci  this  condition  may  be  treated  in  the  manner 
already  suggested,  although  in  such  a  case,  as  the  parts  would 
be  subjected  to  more  violence,  it  is  probable  thai  removal  c( 
(he  malleus,  incus,  and  mcmbrana  tympani  would  diminish  the 
chances  of  reaction  after  the  operation. 

After  the  first  incision  through  the  membrana  tympani,  the 
direct  application  of  the  cocaine  solution  to  the  middle  ear  by 
means  of  a  cotton-tipped  probe  renders  the  subsequent  steps 
painless.  In  three  ca.se.s  of  this  kind  I  have  been  able  lo  clcai 
the  oval  niche  in  the  above  manner,  no  pain  being  experietKcd 
after  the  first  incision  through  the  mcmbrana.  If  a  ver>'  sharp 
knife  is  used  this  is  never  severe.  After  this  no  pain  need  be 
felt  if  cocaine  is  carefully  applied.  My  results  have  been  fairly 
satisfactory;  but  I  am  inclinwl  at  present  to  confuie  the  pro- 
cedure to  cases  where  the  condition  has  resulted  from  a  suppu- 
rative iiiflammatiiin.  and  in  non-sn]>punitive  cases  lo  mobilize 
the  siapcs  instea<l  of  removing  it.  In  these  cases,  if  niohiliffi- 
timi  imiirovcs  the  hearing.  I  also  prefer  lo  remove  the  malleus 
and  incus,  thus  leaving  the  stapes  accessible  in  case  a  second 
mobilization  becomes  necessary. 

After  removal  of  the  stapes  Ihc  flap  may  be  replaced  and 
held  in  position  by  a  paper  (Iressing.  Tlie  meatus  is  occlu*l«l 
by  a  plug  of  antiseptic  cotttm,  which  is  left  in  position  for 
several  days  unless  inflammatory  symptoms  suiKr^'cne.  The 
wound  usually  heals  in  a  few  days,  an<l  in  no  case  lias  the 
reaction  been  severe. 

(ft)  IVhcH  lite  tiiotibrane  is  parlialiy  dt'stroyfd  Ihc  stapes  or 
the  incudo-stafwdial  .articulation  may  be  already  in  view:  but 
if  neither  is  visible,  the  appropriate  incision  for  the  exposure 
of  these  parts  will  varj'  in  each  case,  after  which  the  technique 
previously  given  is  to  be  carried  out.  In  two  cases  opcialeJ 
upon  under  local  anxstlicsia.  the  stapes  being  clearly  in  view, 
extraction  was  easily  accomplished  and  the  results  were  llaticf- 
ing,  in  one  instance  the  hearing  for  a  low  whisper  increasing 
from  seven  to  thirty  feet.  Here  the  entire  stapes  was  remm-ed 
intact.  In  the  second  case  only  a  portion  of  the  ossicle  vm 
secured  and  removed,  yet  the  improvement  was  considerable- 
It  is  well  to  bear  in  mind  that  even  slight  haemorrhage  will  rawlei" 
the  removal  of  the  stapes  difficult :  and  when  this  region's 
covered  by  dense  structures,  which  bleed  freely  when  incisHr 
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it  may  be  necessary  to  remove  the  malleus  and  incus  and 
remains  of  the  nienit>rane  to  secure  a  suitable  lield  for  the 
performance  of  staiicdcctoniy. 

The  after-treatment  may  be  the  same  as  in  the  preceding 
class  of  cases.  It  is  well,  however,  to  inspect  the  car  at  the 
end  of  twenty-four  hours,  and,  if  signs  of  inflammation  are 
present,  to  cleanse  it  frequently  with  a  miltl  antiseptic  solu- 
tion. If.  however,  the  parts  are  perfectly  dry,  they  shoulil 
not  be  disturbed,  for  fear  of  interfering  with  the  healing 
process. 

From  personal  experience,  the  riullior  ficHeves  thai  at  the 
present  time  a  lesion  of  the  conducting  mechanism  resuhing 
from  a  non-suppurative  inHammation  which  demands  operative 
interference  will  I>e  more  salisfacttirily  combated  by  the  removal 
of  the  inembrana  tympaiii,  malleus,  and  incus,  and  moblUication 
of  tlic  stapes,  than  by  other  operative  measures.-  In  residual 
pundent  cases  moliiliyation  of  the  stapes  will  usually  yield  rc- 
hulls  as  good  as  those  obtained  by  stapedectomy.  The  ad- 
vantage of  removing  the  two  larger  ossicles  in  both  classes 
of  cases  lies  in  the  fact  that  the  stapes  is  thus  left  exposed,  and 
can  be  repeatedly  mobilizeil  jf  necessary*.  When  the  ossicle  Is 
mobilizcil  or  removed,  and  the  f^ap  of  drum  membrane  is  allowed 
to  resume  its  former  position,  the  beneficial  results  arc  often 
but  temporary,  and  disappear  when  tlie  opening  in  the  mem- 
bra na  closes. 

When  operations  are  performed  for  improvement  of  func- 
tion ihey  may  ahvay.s  be  niiiducted  under  lotral  ana;slhcsia, 
ami  the  improvement  or  failure  lo  improve  may  be  noted  at 
each  successive  step.  The  operation  can  therefore  be  <Iiseon- 
tinued  at  any  stage,  if  the  operator  judges  that  he  is  not  war- 
ranted in  procec<ling. 

Tlie  restdts  of  my  operations  were  reported  *  a  few  years 
.since,  and  the  compilation  which  follows  includes  a  few  addi- 
tional eases. 

Of  cases  where  the  mcmbrana  tympani  was  intact,  includ- 
ing- one  or  two  instances  where  there  had  been  a  suppurative 
proce.'W  in  childhood,  with  complete  closure  of  the  perforation, 
ninety  have  twen  subjected  lo  operation.  Of  these,  there  was 
much  inipnjvcment  in  seventy-eight  cases,  ten  were  unim- 
proved, one  grew  worse  after  the  operation,  and  in  one  the  re- 
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suit  was  iinknmvn.  Thirteen  of  these  cases  were  operated  iii>or\ 
under  ether.  Of  these,  two  were  greatly  improved,  five  much 
improved,  live  slightly  improved,  and  in  ilie  remaining 
the  condition  remained  the  same  as  before  operation. 

In  eleven  cases  the  cundition  \v:i!i  due  to  a  previous  punitenT 
inflammation,  which  had  resiihed  either  in  a  slight  or  extensive 
destruction  of  the  membrana  tynipani,  the  perforation  persist- 
ing. The  operative  procedures  were  confined  to  freeing  the 
stapes  and  mohilizing  it,  as  described  in  the  preceding  pages, 
without  resort  to  general  anaesthesia.  Of  these,  there  was 
great  improvement  in  one,  Ihc  whispering  distance  increasing 
from  twelve  inches  before  to  fifteen  feet  after  operation,  mA 
the  degree  of  improvement  being  maintained  at  the  time  of  the 
last  examination,  which  \va?i  n!Kiiil  six  weeks  after  operation. 
In  ten  there  was  decided  imijrovement.  although  not  as  great 
as  in  the  case  just  mentioned.  -Of  the  eleven  cases,  disag^e^ 
able  symptoms  followed  the  operation  in  but  one  instance. 

In  ten  cases  there  was  a  purulent  otitis,  in  which  the  open- 
tion  was  performed  both  for  the  rehef  of  the  otorrhcca  and  ai 
the  same  time  to  improve  the  hearing.  Of  lhe*!c,  there  ms 
great  improvement  in  five,  moderate  im[irovemenl  in  three, 
while  in  two  the  function  of  the  organ  remained  the  same  » 
before  operation. 

In  ten  cases  the  membrana  was  intact  and  the  stapes  was 
removed,  or  the  crura  fractured  in  the  attempt  at  remo\-al,  the 
operation  being  done  with  cocaine.  In  most  instances  removal 
of  the  incus  was  necessary  in  order  to  gain  access  to  the  stapes. 
Of  the  ten  cases,  three  were  improved,  two  were  mucli  ini- 
provetl,  one  slightly  improved,  two  unimproved,  an<l  two  were 
made  worse.  In  one  case,  where  much  improvement  fo!5o«e<f 
the  operation,  a  relapse  took  place  at  a  later  period,  althoiigii  1^"^ 
hearing  still  remained  belter  than  before  the  operation. 

In  quite  a  number  of  these  cases  of  stapedectomy  it  w* 
found  that  the  improvement  became  much  less  after  the  pef' 
forntinn  in  the  membrana  tympani  closed,  and  in  these  instanrtS 
the  malleus  and  membrana  tympani  were  removed  at  a  latfl' 
period,  in  order  to  secure  a  permanent  opening  into  the  tym- 
panic cavity.  This  procedure  was  followed  by  improvement  «> 
all  the  cnses.  In  one  instance  synechiotomy  was  practiced  lof 
the  improvement  of  hearing  before  the  purulent  discharge  b*^ 
ceased  entirely,  this  being  so  moderate  in  amount  as  scan"?'/ 
tu  warrant  general  anorslhesia  and  the  removal  of  the  entire 
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ossicular  chain.    Slight  improvement  followed  the  procedure  in 
this  instance. 

It  will  be  seen  from  these  statistics  that  the  greatest  im- 
provement has  followed  those  operations  performed  under 
cocaine  ansesthesia,  and  where  the  design  has  been  to  secure  a 
permanent  opening  into  the  tympanum.  This  seems  to  be  the 
most  rational  procedure  in  all  cases  where  the  membrana  tym- 
pani  is  intact;  and  since  it  can  be  done  without  general  anes- 
thesia, we  are  certainly  warranted  in  recommending  at  least 
an  exploratory  tympanotomy  in  all  cases  where  the  hearing  has 
failed  to  improve  under  less  radical  measures.  In  no  given  case 
can  we  state  the  amount  of  improvement  which  we  should  ex- 
pect, and  it  is  always  ourduty  to  inform  the  patient  of  the  experi- 
mental character  of  the  measure.  From  the  fact,  however,  that 
the  procedure  is  followed  by  no  discomfort,  that  it  can  be  per- 
formed without  pain,  and  that,  humanly  speaking,  it  will  not 
injure  the  organ,  we  certainly  fail  to  fulfill  our  entire  duty  to 
the  patients  if  the  subject  is  not  presented  to  them  fairly. 


CHAPTER   XXVIII. 


THE   MASTOID    OPERATION*. 


The  instruments  t^qiiirecl  for  this  operntion  are  shown  in 
Plate  XII.  While  all  of  these  iiistniments  may  not  Iw  neces- 
sary in  each  case,  experience  teaches  that  the  more  coinptetc 
the  arniamenlarium,  the  Ijetter  and  more  rapidly  can  theworit 
he  accomplished. 

The  ear  should  he  first  thoroughly  cleansed  by  syringinj 
with  l-lo-l.ooTi  hichloridc  soUilioii.  or  with  a  dilute  (I  to  lO) 
sohuion  of  peroxide  of  hydrogen,  after  which  the  meatiii  U 
thoroughly  tamponed  with  imUiform  gauze.  The  scalp  shoiiM 
be  shaved  over  an  area  exiending  in  every  direction  for  a  iliv 
tance  of  three  inches  from  ihe  meatus,  and  if  the  patient  tiasa 
beard  it  shonld  also  be  removed.  The  skin  is  then  scrulilwl 
lirsl  with  snaji  ninl  water  and  then  with  ether  and  alcohol.  iuJ 
finally  with  a  sohition  of  bichloride  of  mercury  (i  to  i.ooo),ora 
two-and-a-half-per-ccnt  sohition  of  carbolic  acid.  A  wet  l)ichli>- 
ride  <Iressing  is  then  applied  over  the  entire  field  of  operation 
and  allowed  to  remain  until  the  patient  isanjpslhctizcd.  W'ff 
possible,  ihi-;  preparation  of  the  field  should  be  made  al  leasi 
four  or  five  hours  before  the  time  of  operation. 

After  the  induction  of  anaesthesia  the  antiseptic  dressing  is 
removed,  the  tampon  witliin  the  canal  is  change*!,  and  the  i"' 
tcgunicnl  washed  again  with  ether,  and  irrigated  subsequently 
with  a  bichloride  solution  (i  to  3,ooo).  The  paili  sitrrouinl- 
ing  llie  field  should  be  covered  either  with  sterile  towels,  or 
with  towels  moistened  in  i-to-i.ooo  bichloride  solulioii.  All 
instruments  are  to  be  sterilized  by  boiling,  and  the  hands  of  Ac 
operator  and  his  assistants  should  receive  the  ordinary  atleitio" 
demanded  in  all  surgical  operations. 

It  may  seem  unnecessary  to  take  all  these  precautions  in  ^ 
procedure  apparently  so  simple:  lint  when  wc  remember  thai, 
owing  to  an  anomalous  position  of  the  parts,  or  to  the  dtsimc- 
lion  resulting  from  the  inflammation,  wc  may  either  enter  ilif 
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cranial  cavity  accidentally  or  feci  compelled  to  do  so  as  a  matter 
of  election,  we  should  never  undertake  the  procedure  without 
being  thoroughly  prepared  to  extend  our  operation  in  tins  direc- 
tion if  necessary.  The  primary  incision  begins  over  the  middle 
of  the  mastoid  insertion  of  the  sterno-cleido-mastoid  muscle, 
about  half  an  inch  below  the  tip  of  the  mastoid  process,  and 
is  carricil  upward  and  forward  close  to  the  Unc  of  insertion  of 
the  auricle,  after  which  it  follows  this  line  to  a  [Kiint  directly 
about  the  meatus  (Sec  Plate  XI). 

Particular  attention  shoulil  be  given  to  the  location  of 
litis  incision,  as  ordinarily  the  line  of  section  lies  so  far  back 
tliai  when  tile  flups  .ire  retracted  the  posterior  and  superior 
walls  of  the  canal  are  not  freely  exposed.  In  addition  lo  this, 
the  free  vascular  sujiply  of  aiiterinr  flap  causes  it  to  become 
rcdcniatmis  almost  immediately,  thus  increasing  ihc  difiicjilty 
■with  which  it  is  drawn  forwanl,  rendering  a  perfect  exposure 
of  the  parts  impossible.  If  the  line  of  incision  is  mnilc  so  close 
to  the  auricular  insertion  as  to  admit  of  the  introduction  of  a 
line  of  sutures  only,  the  field  of  operation  will  be  much  better 
cxposcil,  while  sulisctiuent  rleforinity  will  be  prevented,  the 
cicatrix  being  concealed  completely  by  tlie  auricle,  which 
resumes  an  absolutely  normal  position.  The  soft  parts 
should  lie  divided  to  the  bone  throughout  the  entire  extent 
of  the  incision.  All  bleeding  points  should  be  secured  with 
clamps. 

The  next  step  of  the  operation  is  elevating  the  periosteum. 
The  entire  anterior  flap  is  pushed  forward  by  means  of  an 
elevator  carrietl  beneath  the  periostcnni,  raising  (his  and  the 
overlying  muscular  structures  from  the  bone,  the  parts  being 
pushed  forward  until  the  posterior  and  superior  margins  of 
the  bony  canal  are  plainly  in  view.  The  posterior  flap  is  ele- 
vated in  a  similar  manner.  All  bleeding  points  arc  now  caught 
by  means  of  clamps.  The  auricle  is  held  forward  by  a  retrac- 
tor, the  instrument  being  Intrusted  to  the  hands  of  the  assist- 
ant. T)ie  upper  part  of  the  incision  is  filled  with  gauze 
sponges,  in  order  that  all  oozing  may  be  controlled,  while 
the  operator  directs  his  attention  to  clearing  the  aponeurosis 
of  the  stcmo-mastoid  muscle  from  the  tip  of  the  process. 

This  is  best  done  with  blunt  scissors  curved  on  the  flat, 
which  can  be  closely  applied  to  the  I)ony  surface  and  made 
to  divide  the  den.^e  tibrous  tissue  hy  successive  short  cuts. 
Care  must  be  taken  to  hug  the  bone  closely,  otherwise  the 
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the  muscle  shouUl  be  conliiniecl  until  the  finger  can  be  passed 
completely  around  the  lip  of  tlie  mastoid,  and  if  the  primaqr 
incision  has  not  been  made  low  enough  to  allow  this,  it  must 
be  extended.     The  packing  is  now  removed  from  the  upper 
part  of  the  wound  and  tlie  exposed  area  is  examined  for  the 
presence  of  any  sinus,  the  result  of  spontaneous  rupture    If 
this  is  found,  it  is  enlarged  either  by  the  curette  or  gouge,  the 
surgeon  following  the  channel  which  has  been  thus  established, 
and  which  will  be  found  in  all  cases  to  communicate  either 
directly  or  indirectly  with  the  mastoid  anlrnni.     U  no  sinus  is 
present,  the  first  step  in  every  case  is  to  enter  the  antrum.    We 
remember  the  location  of  this  to  be  just  behind  the  posterior 
margin  of  the  mcalusand  just  below  its  superior  margin.     Until 
we  have  gained  entrance  to  this  cavity  our  opening  through  tlic 
cortex  should  never  extend  above  the  superior  wall  of  the  canal, 
thus  avoiding  the  middle  cranial  fossa,  while  we  should  keej) 
close  to  the  posterior  wall  on  accoimt  of  a  possible  malposition 
of  the  lateral  sinus, 

'Hie  cortex  is  best  removed  by  means  of  the  chisel  or  goiigf 
{Plate  XII.  P  and  Q)  and  mallet,  a  large  cutting  instrumeiu" 
being  used  at  first  and  changed  for  a  smaller  one  as  the  wound 
is  deepened.  The  chisel  is  applied  nearly  parallel  to  the  sur- 
face of  the  skull,  and  made  to  cut  away  the  bone  in  thin,  broad 
chips,  the  cutting  edge  being  directed  downward  and  forward. 
In  this  way  we  form  a  bony  funnel,  the  base  of  which  may  be 
broadened  posteriorly  and  below,  if  necessary,  but  never  ahow. 
The  apex  of  the  cone  should  always  lie  within  the  triangle  which 
marks  the  entrance  to  theantnun.  Where  the  pneumatic  sjacei 
are  superficial  they  may  be  opened  with  the  first  Idow  of  tlic 
mallet,  after  which  it  is  wise  to  lay  aside  the  chisel  and  con- 
tinue the  operation  by  means  of  the  Sharp  spoon  (Plate  XII, 
O).  breaking  down  the  walls  of  the  air  spaces  until  the  mastoiil 
antnun  is  entered.  This  never  lies  less  than  half  an  inch  l>ek)w 
the  surface,  although  we  may  encounter  large  pnenmatie  spaces 
more  superficially.  VVe  recognize  that  the  antrum  is  entered  by 
the  fact  that  a  probe,  slightly  curved  at  the  tip.  after  entering 
the  artificial  opening,  passes  downward,  forwarcl.  and  inward  for 
a  distance  of  from  three  quarters  to  seven  eighths  o(  an  inch, 
at  which  depth  it  enters  a  cavity  of  considerable  size;  in  other 
words,  it  has  passeil  into  the  middle  ear.  We  persist  in  oro" 
efforts  at  entering  this  cavity,  although  pus  may  have  been 
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evacuated  previously.  The  passage  between  the  anlnim  and 
the  tympanum  should  next  be  curetted  freely  by  means  of  a 
-  delicate  sharp  spoon  (Fig.  i  jj,  a).  Ttiis  portion  ui  the  tract  is 
invariably  occluded  by  granulation  tissue,  while  its  bony  walls 
are  often  carious. 

The  next  step  is  to  thoroughly  obliterate  the  entire  pneu- 
matic structure  of  the  mastoid  process.  The  remaining  cortex 
is  removed  with  ibc  chisel,  curette,  or  rongeur,  as  may  be 
most  convenient.  The  large  cell  at  the  apex  must  be  particu- 
larly investigated,  opened  freely,  and  the  tip  of  the  mastoid 
process  should  be  removed  with  the  rongeur  forceps.  The 
operation  should  be  continued  until  sound  bone  is  encountered 
in  every  direction.  In  some  cases,  the  destruction  of  bone  will 
be  found  to  be  so  extensive  as  to  jireven!  the  removul  of  all  di.s- 
eascd  li.ssue  through  the  .single  linear  incision  alrca<ly  adviseil. 
A  second  incision  is  then  made  from  the  middle  of  the  linear 
incision,  extending  horizontally  backward  for  a  distance  of  one 
inch  to  an  inch  and  a  half.  The  bleeding  points  arc  secured  by 
means  of  clamps  and  the  underlying  bone  is  uncovered  by 
means  nf  the  periosteum  elevator.  The  mastoid  emissary  vein 
may  be  wounded  in  elevaling  the  periosteum,  ami  quite  free 
h-Tnion-hage  occur.  This  lu-emorrhage  is  easily  controlled  by 
means  of  a  folded  strip  of  iodofann  gauze  placed  over  tlic  vessel. 
This  is  held  in  position  by  an  assistant,  while  the  operator  pro- 
ceeds lo  remove  all  softene<l  bone.  If  the  inner  table  isuffecled, 
we  should  not  hesitate  to  remove  it,  as  an  exposure  of  the  dura 
under  proper  precautions  is  a  matter  of  no  importance,  while 
to  leave  carious  bone  in  contact  with  this,  is  a  grave  error.  Ex- 
posure of  the  lateral  sinus,  either  acci<lentally  or  iiuerutonally, 
in  no  way  complicates  the  opcraticm.  If  the  vessel  is  opened, 
sharp  b.-cmonrhage  results,  and  herein  lies  the  advantage  of 
extensively  rcnuiving  the  cortex.  If  the  wounded  vessel  lies  at 
the  l>otloni  of  a  deep,  narrow,  bony  channel,  the  harmorTliagc 
may  Im;  controlled;  but  it  is  difTicult  lo  proceed  with  tlic  opera- 
tion, and  the  purpose  for  which  it  was  instituted  will  therefore 
not  be  carried  out.  With  a  free  removal  of  the  cortex  the 
bleeding  point  lies  plainly  in  view,  and  the  harmorrbage  is 
ea.sily  controlled  by  a  firm  compress  of  iodoform  gauze.  This 
is  held  by  an  assistant,  and  the  surgeon  fmisbes  the  operation 
as  though  nothing  untoward  had  happened.  HxHiorrhagc  from 
Ihc  sirius  is  no  more  severe  than  that  from  one  of  the  large 
venous  trunks  of  the  upper  extremity, and  the  possible  untoward 
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results  which  may  follow  a  wtmnd  of  this  vessel  will  depend  up- 
on the  imperfect  exposure  of  the  bleeding  point  rather  than  upon 
the  loss  of  blood  or  the  accidental  infection  through  the  sinus. 

Having  now  removed  all  softened  bone  and  ligated  all 
bleeding  vessels,  the  management  of  the  wound  will  vaiy 
according  to  circumstances.     If  no  sinus  or  dura  has  been 
exposed  and  we  have  a  simple  mastoid  wound,  the  best  pro- 
cedure is  to  first  insert  a  strip  of  iodoform  gauze  packing  ioto 
the  antrum  and  bring  it  out  at  the  lower  end  of  the  wound 
The  periosteum  is  then  sutured  by  a  continuous  suture  of  (iiK 
catgut  from  the  upper  angle  of  the  wound  throughout  two- 
thirds  of  its  extent.     The  superficial  woimd  is  then  dosed 
either  with  Michel  clips  or  with  interrupted  sutures  of  cither 
silk  or  silkworm  gut.    Only  the  lower  angle  of  the  wound 
through  which  the  packing  protrudes  remains  open.    With 
exposure  of  dura  or  sinus  this  partial  closure  is  modified  as 
indicated  below.    If  it  has  been  necessary  to  make  the  pos- 
terior horizontal  incision,  this  should  be  closed  by  means  ol 
silkworm-gut  sutures.    In  cases  where  the  mastoid  emissary 
vein  has  been  woimded  and  there  has  been  considerajj^ 
hemorrhage,  a  small  pledget  of  gauze  may  be  placed  over^^| 
foramen  through  which  the  vein  passes,  the  end  brought  into 
the  mastoid  wound,  and  the  horizontal  incision  sutured  cft-er 
this  packing.    It  is  not  necessary  to  pack  the  external  wound 
as  was  formerly  done,  and  the  omission  certainly  renders  the 
first  dressing  more  comfortable.   The  dressing  is  completed  by 
covering  both  tlie  wound  and  the  ear  with  se\'eral  layers  of  diy 
sterilized  gauze  and  cotton,  the  whole  being  confined  in  place 
by  a  bandage. 

In  cases  where  the  lateral  sinus  has  either  been  exposed  or 
woimded,  or  where  the  dura  in  the  middle  cranial  fossa  has 
been  exposed,  these  areas  should  be  isolated  from  the  remaiDdw 
of  the  mastoid  wound  by  a  separate  gauze  packing.  My  own 
procedure  in  these  cases  is  as  follows :  After  all  softened  bone 
has  been  removed,  a  strip  of  iodoform  gauze  is  carried  inw) 
the  aditus  ad  antrum.  The  strip  of  gauie  is  then  intrusted  W 
an  assistant  and  a  second  strip  is  packed  over  the  exposed 
lateral  sinus,  so  as  to  wall  this  off  from  the  remainder  of  the 
operation  cavity.  Any  exposed  dural  area  is  treated  in  a  oni' 
ilar  manner.  The  strip  of  gauze,  one  end  of  which  has  ban 
carried  into  the  antrum,  is  now  packed  into  the  mastoid  cavity, 
and  those  strips  of  gauze  which  have  been  used  to  isolate  the 
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sinus  and  exposed  dura  from  the  remainder  of  the  woimd  are 
subsequently  packed  in  about  this.  In  tliis  manner,  we  wall 
off,  so  to  speak,  the  cranial  cavity  from  the  remainder  of  the 
wound  and  from  that  part  of  the  wound  which  is  infected,  by 
a  firm  layer  of  iodoform  gauze.  I  believe  that,  in  many  in- 
stances, this  method  of  dressing  the  case  at  the  time  of  opera- 
tion has  prevented  the  subsequent  involvement  either  of  the 
meninges  or  of  the  sinus. 

n  cases  where  the  technique  has  been  perfect  it  is  not 
necessary  to  remove  the  dressing  under  two  or  three  days. 
The  necessity  of  changing  the  dressing  at  an  early  period  will 
be  indicated  by  a  rise  in  temperature  or  by  local  pain.  Where 
the  temperature  does  not  exceed  roi"  at  any  time  during  the 
first  three  days,  or,  if  elevated,  is  not  persistent,  the  dressing 
need  not  be  changed. 

The  subsequent  treatment  is  simple.  At  the  first  dressing 
we  frequently  find  the  canal  absolutely  free  from  discharge. 
If  considerable  secretion  is  present  it  is  wise  to  iirigate  the 
ports  fnx'ly,  thp  fluid  employed  being  introduced  through  the 
artificial  opening  and  allowed  to  pass  out  of  the  meatus ;  the 
technique  of  the  dressing  is  the  same  as  at  the  time  of  opera- 
tion. Wlierc  the  lateral  sinus  has  been  opened,  or  the  dura 
exposed  in  any  other  location,  particular  care  is  necessary 
at  each  dressing  to  guard  against  local  infection,  the  exposed 
dural  area  being  uncovered  first,  cleansed  and  protected 
with  a  gauze  pad,  after  which  the  ])aclcing  may  be  removed 
from  the  mastoid  portion  of  the  wound  and  the  dressing  done 
as  above  directed. 

j\fter  the  first  dressing  it  will  be  usually  necessary  to  dress 
the  case  daily.  As  the  wound  heals,  exuberant  granulations 
may  appear,  and  these  must  Ije  treated  in  tlic  ordinary 
manner.  If  the  granulations  proliferate  too  rapidly,  sterile 
gauxe  instead  of  iodoform  gauze  may  be  used.  If  this  change 
in  dressing  does  not  control  the  grantilations.  it  is  wise  to 
cut  down  tlte  exuberant  tissue  with  scissors  and  then  touch 
the  cut  surface  with  a  solid  stick  of  nitrate  of  silver.  Where 
the  destruction  of  Ixme  has  been  very  extensive,  we  some- 
times find  that  the  oj^ning  in  the  bone  fills  up  very  slowly. 
Here  stimulation  of  the  granulating  surface  with  nitrate  of 
silver  will  hasten  the  reparative  process.  Where  the  granu- 
lations arc  sluggish,  instead  of  packing  the  wound  with  plain 
gauze,  the  use  of  sterile  balsam  Peru  gauze  will  frequently 
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cause  the  wound  to  heal  more  rapidly.  In  some  of  the 
where  the  reparative  process  is  slow,  the  mere  scraping  of 
the  granulations  with  a  dull  curette,  allowing  the  bony 
cavity  to  fill  with  blood,  and  then  appl>'inK  a  sterile  gauK 
dressing,  has  been  found  efficacious  in  hastening  the  healing 
of  the  wound. 

These  suggestions  may  be  of  value  in  the  after-treatment. 
Each  individual  case,  however,  must  be  managed  according  to 
the  indications,  and  suggestions  as  to  the  conduct  of  the  after- 
treatment  must  be  followed  only  in  the  most  general  way. 

In  addition  to  wounding  the  sinus,  the  operator  may  oc- 
casionally expose  or  even  wound  the  dura  in  the  middle  cranial 
fossa.    Entering  the  cranial  cavity  at  this  point  can  be  avoided 
in  every  instance  if  the  cortex  is  not  removed  above  the  Icvd 
of  the  superior  wall  of  the  canal.    When  the  temporal  ridge  is 
very  prominent  and  the  margin  of  the  meatus  is  placed  so  far 
below  this  as  to  render  adherence  to  this  rule  almost  im- 
possible, the  operator  may  deem  it  wise  to  extend  the  opening 
in  the  bone  slightly  alx>ve  the  line  indicated.     Exposure  of 
the  dura  in  this  region  is  a  matter  of  no  great  consequcoot 
and  is  sometimes  necessary  in  order  to  remove  all  diseased 
bone.    If  a  small  area  is  exposed  either  accidentally  or  in  the 
removal  of  diseased  bone,  it  is  well  to  increase  the  size  of  tbe 
opening  until  the  dura  is  exposed  over  a  space  of  at  leait 
three-quarters  of  an  inch  in  diameter.    A  large  exposure  d 
dura  is  almost  never  followed  by  general  meningitis,  while 
meningitis  does  occasionally  follow  the  exposure  of  a  small 
area.    Where  the  dura  is  wounded,  the  dura  should  be  fredy 
exposed  so  as  to  lay  bare  the  opening.    The  rent  in  the  dura 
should  be  protected  with  a  pad  of  gauze  until  the  operaiion 
is  completed.     The  dural  wound  may  be  treated  either  by 
suture,  whidi  is  probably  the  least  advisable,  by  carrj'ing* 
strip  of  gauze  down  to  the  dural  opening  so  as  to  cause  the 
obliteration  of  the  subdural  space  and  prevent  infection  of 
the  brain  tissue,  or,  if  the  injury  has  been  such  as  to  render 
infection  of  the  brain  substance  probable  as  the  rcsuU  cf 
manipulation,  the  opening  in  the  dura  should  be  enlarged  bf 
two  crossed  incisions  and  the  subdural  space  walled  off  wWi 
iodoform  gauze  packing. 

Because  the  squamous  plate  of  the  temporal  bone  is 
more  horizontal  in  infancy,  and  because  of  the  manner  ia 
which  the  fibrous  canal  is  applied  to  the  outer  surface  of  ibe 
squama  on  account  of  the  absence  of  the  bony  canal  at  birtb, 
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attention  should  be  given  to  certain  variations  whicli  must  be 
practiced  wben  the  masloid  of  a  vcr>'  young  cbild  is  to  be 
operated  upon.  At  birth,  since  (lie  fibro-cartilapnous  meatus 
ah)ne  its  superior  aspect  is  appHed  to  the  external  surface  of  the 
Mjuama.  the  line  of  attachment  of  the  auricle  to  tlic  skull  lies 
at  a  mtich  higher  level  than  docs  the  rnembrana  tympani.  and 
the  superior  extremity  of  an  incision  along  the  line  of  auricular 
attachment  wouUI  lie  at  a  much  higher  level  than  the  npjjer 
border  of  the  tympanic  rin^  (F'K-  ^--)-  The  relative  position  of 
the  parts  at  the  line  of  auricular  attachment  is  misleading,  since, 
when  the  anterior  flap  is  pulled  forward,  the  fibro-cartilaginons 
tube  constituting  the  meatus  is  atlachc<l  so  firmly  above  and 
behind  as  to  frequently  mislead  the  operator  and  cause  him  to 
think  that  the  margin  of  the  annuhis  has  been  exposed.  If  the 
bone  is  perforated  without  ex|)osing  the  posterior  limb  of  the 
annuUis  clearly,  and  making  out  the  exact  situation  of  the 
prominent  posterior  tubercle,  both  by  touch  and  by  inspection, 
the  operator  may  accidentally  open  the  middle  cranial  fossa  in- 
stead of  the  iineumatic  space  of  the  mastoid  and  middle  ear. 
The  superior  and  [jostcrior  attachments  of  the  meatus  should 
be  separated  carefully  from  the  squama  after  the  primary  inci- 
sion until  the  posterior  tympanic  tubercle  is  reached  and  the 
canal  merges  into  the  (hnim  "membrane.  It  is  often  well  to 
incise  the  fibrous  tube  transversely  for  a  short  distance,  in  order 
that  a  clear  view  may  be  obtained  of  the  menilirana  tympani 
and  render  an  error  impossible.  If  the  bony  cavity  is  entered 
just  behind  this  tubercle  and  close  to  it,  the  antrum  will  be 
opcitcd.  after  which  it  will  be  easy  to  chip  away  the  external 
table  for  a  considerable  distance  forward  and  upward,  thus  ex- 
posing the  tympanic  vaidt  (Fig.  122).  It  i.i  wise,  however,  to 
make  it  a  rule  to  never  remove  the  outer  layer  of  lume  at  a 
higher  level  than  the  posterior  tympanic  tubercle  as  a  primary 
proce<Iure.  The  depth  of  the  middle  cranial  fossa  varies  con- 
siderably in  different  subjects,  but  always  lies  above  the  point 
named.  The  exact  conformation  of  the  parts  in  any  individual 
case  is  easily  made  out  when  access  is  once  gained  to  the  pneu- 
matic spaces,  after  which  the  operator  will  a<lai)t  his  opemtion 
to  the  anatomical  conditions  present.  The  external  wall  of 
the  tympanic  vault  at  birth  occupies  in  reality  the  position  of  its 
inferior  wall  in  adult  life,  owing  to  the  change  in  direction 
taken  by  the  squamous  plate  as  development  progresses.  The 
vault  will  therefore  be  entered  with  very  little  trouble  close 
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ahove  the  line  of  attachmcnl  of  the  mcmbrana  superiorly. 
other  woni  of  caution  is  also  proix-'r  rtj^imlin^j  Ihc  initial  ind 
sioii.     Since  the  inHstuiil  scjiiiuiutiis  suture  is  not  ossilicil 
birth,  and  fretiuenlly  presents  larfjc  tlehistences  fillerl  liy  film 
cariilsgc.  the  knife,  in  niaVing  the  initial  incisicin.  shouM  not  Ik 
pressed  with  any  force  upon  the  hone,  hut  the  soft  parts  sbooM 
be  divided  slowly  until  the  bone  is  exfjosed  throughout  the  lint 
of  incision.    iMnn  pressure  ujHjn  the  scalpel  nii^ht  easily  result 
in  plunging  it  into  one  of  these  dchiseences.causing  it  to  cnier 
the  cranial  cavity.    The  utmost  gentleness  should  also  tie  ob- 
sened  in  dissecting  up  the  periosteiini  and  turning  the  ante- 
rior tlap  forward,  for  the  same  reason. 

In  every  instance,  then,  either  in  adults  or  in  childrci!,  tin 
proceihirc  should  be  institutetl  for  the  removal  of  osseous  tissiif 
until  the  posterior  and  superior  margins  of  the  bony  can.il  arc 
not  only  accessible  to  the  fmger  but  plainly  in  view,  and  tht 
soft  parts  should  he  so  retracted  that  the  landmarks  nwy  be 
always  under  the  eye  of  the  surgeon  ihroughouL  the  entire 
operation. 

'I"hc  facial  nerve  as  it  crosses  the  tympanic  cavity  Is  oca- 
sionally  wounded  in  cases  of  sclero.sis  where  the  hone  has  been 
removed  to  a  sufficient  depth  to  expose  the  internal  wall  of  tbe 
middle  ear.  Tlie  a(iii.x<iiictns  Fallopii  lies  within  the  nii<MIi: 
car,  and  consequently  it  is  impossible  to  wound  it  until  il'* 
operation  is  really  completed  and  free  communication  ««'>• 
lished  with  the  tympanum.  It  i.s  wise,  after  perforating  ihel>fpe 
to  a  depth  of  seven  eighths  of  an  inch,  or  pcrliaps  a  little  It>s, 
to  pass  a  prohe  bent  at  a  right  angle  into  the  external  auJitory 
meatus,  and  carr>'  the  angular  portion  upward  and  hackwarl 
into  the  tympanic  vault,  in  which  position  it  is  to  be  held.  Tl« 
operator  then  has  only  to  continue  the  removal  of  Ixmc  tinul 
the  artificial  opening  expo.ies  this  probe  within  the  tympflnuni 
A  wound  to  thi;  external  semicircular  canal  is  more  unlikch  '" 
occur  than  one  of  the  facial  nerve.  The  canal  lies  immediately 
alHJve  the  aqueduct,  and  can  only  be  injured  when  the  p|>eniiit! 
is  made  exceedingly  high.  When  in  any  doubt  as  to  ihcatin*- 
ability  of  perforating  more  deeply  on  account  of  the  posubilil* 
of  injuring  cither  of  these  stnicturcs.  the  plan  usually  follow«li* 
to  remove  that  portion  of  the  posterior  wall  of  the  canal  hins 
immediately  in  front  of  the  artificial  opening.  The  canal  mn*' 
lead  into  the  middle  car,  and  the  removal  of  this  bony  i»anriio£i 
until  the  tympanum  is  reached  renders  the  completion  of  ll^c 


TRAUTMANN'S  OPERATION. 


541 


procedure  absolutely  safe.  In  these  cases  that  portion  of  the 
bony  posterior  wall  al  the  inner  cxlrcmiiy  of  the  canal,  made 
up  of  compact  osseous  tissue,  should  be  left,  since  it  is  possible 
to  wound  the  facial  nerve  under  these  conditions  if  the  entire 
posterior  wall  is  removed.  Slight  injury  to  the  facial  nerve  is 
not  a  serious  accident,  function  being  restored  in  from  three  to 
five  weeks,  in  most  cases,  under  the  use  of  the  faradic  current. 

Tn  certain  cases  where  the  destruction  of  the  osseous  tissues 
has  been  very  extensive,  and  where  during  the  period  of  con- 
valescence sequestra  separate  from  the  bony  walls,  a  perma- 
nent opening  will  remain  behind  the  ear.    This  has  occurred 
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Fig.  I4i.^n»»(ic  oncntioii  for  clf»irtire 
of  opening  lithino  ihc  c*r,  ns  adviwd 
l>y  Trmutmaiiu, 


Fio.  142.— TIiL-  s:uiiL  npenilion.  thottinE 
mannci  of  pMiing  *uturei. 


six  times  in  over  four  hundred  operations.  Various  methods 
have  l)cen  devised  for  closing  these  openings,  among  which 
is  one  advocated  by  Tnuitmann.*  This  cnnsists  in  circum- 
scribing the  entire  opening  by  mcarts  of  an  incision  extend- 
ing simply  through  the  skin.  Two  semilunar  flaps  wilt  thus 
be  formed,  one  before  and  one  behind.  These  two  flaps  are 
dissected  up  from  over  the  underlying  tissues  and  turned 
into  the  opening.  Tlieir  raw  edges  are  imited  in  the  me- 
dian line  by  means  of  sutures  either  of  catgut,  which  will 
easily  be  absorbed,  or  by  means  of  silk  sutures,  the  sutures 

*  Opeattcocn  am  OcherorEnn.  Berlin.  iQOr.  ji.  So, 


being-  so  passed  that  when  tic<l  the  kiiota  will  lie  within  tlw 
external  auditory  meatus.    Ihc  niw  surface  of  these  flaps  is 

ihen  covered  l>y  dissecting  up 
the  integument  anteriorly  and 
posteriorly  and    drBwiiig  (fii's 
together  over  the   Haps  ihui 
formed,  the  superficial  sliding 
Haps  being  sutureil  in  t!ie  me- 
2  dian  line,  thus  covering  per- 
fectly  the  raw  surface,  an"! 
*  effectually  closing  the  fistuli 
When  the  fistula  is  closed  id 
this  manner,  it  will  be  eaalj 
seen  that  the  meattis  is  coth 
plctcly   hned   with   epiflcnni* 
throughout,     the     cutanc'iu-'' 
surface  of   the  internal  flaps 
or  those  first   formed  bang 
turned  into  the  meatus.    Tlie 

Fl«.  U3, — TTauliuann'stipemiion,  Khow.     opening  behind  the  ear  is  cu- 
ing deep  iuiutcs  licfl  anil  lupi-Tlidai       .     ,         ,  ,-  .     •  ■  _„i 

wouDJ<,Wa«iihinicrrupic<i*utor«.    t""ely  oliliteratwl  andcovcrel 

by  skin  owing  to  the  approi- 
iniation  of  the  sliding  skin  flaps  which  cover  complcldy 
the  internal  flaps  first  formed.  The  only  fault  to  be  (ouwl 
with  Ibis  inclhod  is  that,  owing  to  the  fact  that  the  posl^ 
rior  openinR  in  these  cases  is  lined  with  cicatricial  tisstit. 
the  nutrition  of  the  flaps  is  exceedingly  poor.  'Hie  flii"* 
are,  therefore,  very  liable  to  slough,  and  the  operation  w 
prove  a  failure.  A  more  satisfactory  method  of  closing  tlwsc 
openings  is  that  of  Mosetig-Moorbof.*  For  tins  nielhoc!  a 
longuc-shapcd  flap  is  cut  from  the  integument  imnicclialflv 
below  the  opening  to  be  closed.  This  flap  is  dissected  up  from 
below  and  on  the  sides,  being  allowed  to  remain  attaehcil  *«]"■■ 
rioriy  to  the  inferior  margin  of  the  perforation  to  be  ctowi- 
The  Hap  should  be  considerably  larger  than  the  opening  wMfii 
it  is  recpiired  to  (ill  in  order  to  allow  for  subsequent  contraction- 
After  this  (lap  has  been  dissected  up  the  margins  of  the  opoi' 
ing  an-  denuded  by  means  of  the  scalpel,  the  skin  about  the 
margins  of  the  perforation  being  dissected  away  from  tlie  un- 
derlying tissues  bchirnl.  above,  and  in  front.     The  ttingU'' 

•  Cenlralblall  (arCKinir^.  1898,  No.  46. 
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shaped  flap  is  then  tumcd  into  Ihe  opening  to  be  closed,  and 
hcKI  in  i)lace  by  catgut  sutures.  The  integument  in  front  and 
behind  the  opening  into  which  this  flnp  is  turned  is  then  also 
dissected  up,  the  dissection  being  carried  downward  along  the 
mar^ns  of  the  denuded  area  from  which  the  flap  was  taken. 
In  this  way,  two  sliding  skin  flaps  arc  formed,  one  in  front  and 
the  other  behind,  which  upon  being  approximated  will  com- 


•X^^ 


FlC  IU-— Mowlig'Moorhort  operallon  for  closure  of  relro-aurleular  fisiula.  No.  I| 
/.  Taiiguc-iiliaped  flip  cut  (turn  tiuuvi  of  nccV :  Nu.  2  iltuwi  ihb  irt^umcnUn 
fTa|i  dfvaieil  ami  nutrQins  of  ihc  rctm-auciculitr  t)|iriiinQ  (o)  denudeii;  No.  ),  it 
Klan  KuiumI  in  |Hniii<.'in  :  A.  DcnuilL-il  Area  Icfi  where  dxp  ifi  diucctcil  nit;  No. 
4,  txtcmal  woun<l  clotcil  liy»uiuic]i<4)nl'lcr  umlviininitig  cd^i  of  wound.  Thil 
Un<lc(mining  hhAulil  he  ciiiiliniicil  aVtriul  the  fti>liili>ii>>  u|>ciitii)J  at  well,  *0  that 
when  the  Euprrlicinl  wniin:!  U  suliircd,  ihr  r.iw  Mirfucc  of  (h-c  flap  will  be  com- 
|>l«i«Iy  covered  by  integument.     This  is  nut  >(liown  in  the  fij"'^- 

pletely  cover  the  tonguc-sliapc<l  flap  which  fills  the  opening 
behind  the  car.  as  well  as  the  denuded  area  from  wliich  this 
tongue-shaped  flap  was  taken.  These  sliding  flaps  are  ap- 
proximated and  held  in  position  by  either  silk  or  silkworm- 
gut  sutures.  I  have  employed  this  method  in  closing  openings 
of  this  character;  although  union  liy  first  intention  may  not 
take  place  throughout  the  entire  extent  of  the  wound  on  ac- 
count of  the  fact  that  the  flaps  arc  formerl  almost  entirely 
of  cicatricial  tissue,  the  procedure  is  efTcclual  in  completely 
closing  the  perforation.  Although  portions  of  the  flap  may 
slong'h.  the  resulting  wound  heals  readily  by  granulation,  and 
the  result  of  the  operation  seems  to  be  gooil  in  every  instance. 
Quite  recently  Frey  ♦  has  reported  a  number  of  cases  in 
which  the  defornn'ty  following  an  extensive  mastoid  opera- 
lion  has  been  entirely  relieved  by  the  subcutaneous  injection 
of  |)araffin.  This  nielbod  has  been  used  not  only  to  (ill  up 
the  rctn>*:uiricular  depression,  so  frequently   found  in  these 

*  Ardiiv  far  Ohrenhetlkuode,  vol.  Ivi,  p.  aSt). 
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cases,  but  also  to  actually  fill  up  any  permanent  openm, 
bchinJ  ihc  car,  which  may  have  been  left  as  the  result  of 
the  operation.  In  cases  where  a  post-aural  fistula  of  am- 
jiderable  size  is  present,  the  method  con^sis  in  making  a 

subcutaneous  injection  into  the  tissnes  forming  the  anterior 
— that  is,  the  auricular  margin  of  the  fistula.     These  tissues 
are  exceedingly  soft,  and  a  sufficient  amount  of  paraffin  an 
be  injected  into  the  anterior  flap  to  cause  this  to  cover  over 
the  post-auricular  opening.     In  this  way  the  cutaneous  sur- 
face of  the  anterior  aiid  posterior  margins  of  the  fistula  are 
brought  into  close  apposition.    A  few  weeks  after  the  tisiuc 
has  been  injected,  the  cutaneous  edges  of  the  anterior  and 
posterior  margins  of  the  hiatus,  which  are  now  in  apposition, 
arc  fresliened  by  means  of  a  scalpel  or  scissors.    These  two  freA 
surfaces,  lying  in  apposition  lo  one  another,  soon  become 
united,  the  closure  of  the  fistula  is  complete  and  all  deformity 
overr<mie.    The  mixture  to  be  injected  consists  of  about  equal 
parts  of  tiic  best  pHraflin  and  liquid  vaseline.    The  parafiiuii 
melted  in  an  ordinary  enameled  or  porcelain  casserole  and 
liquid  vaseline  added.    After  the  mixture  has  twcn  heateil  (or 
about  ten  minutes,  to  thoroughly  sterilize  it,  a  glass  roi!  ti 
dijtped  into  the  mixture  and  a  drop  of  the  fluid  allowed  lo 
fall  upon  the  hand.    .*\s  soon  as  this  drop  touches  the  skin,  if 
it  becomes  of  the  consistency  of  a  rather  thick  ointment,  tht 
amount  of  solid  paraffin  and  liquid  vaseline  is  in  the  rigiit 
proportion,  and  the  injection  is  proceeded  with.     If.  on  il« 
other  band,  as  soon  as  the  drop  strikes  the  cutaneous  surface  it 
becomes  solidified,  a  little  more  liquid  vaseline  must  be  .'i(!<l<d 
before  injection,  to  make  the  mixture  slightly  more  l1ui<l;or 
if,  when  the  drop  falls  upon  the  hand,  it  still  retains  its  fiiiiJit;, 
the  mixture  is  not  quite  thick  enough  for  injection,  and  a  little 
more  paraffin  must  I)e  added,    r.xperiracntation  will  enable  tbe 
operator  to  make  the  mixture  of  the  right  consistency. 

The  tcchnic|nc  of  injection  does  not  differ  from  that  ofp*'- 
affin  injection  in  other  parts  of  the  body.  An  ordinar>-  e-spli"* 
ing  syringe,  with  a  metal  barrel  and  with  either  an  asbestos  or 
metal  piston,  should  be  used,  so  that  the  instrument  can  ^e 
thoroughly  sterilized  beforeliand.  After  the  syringe  and  the 
needle,  which  should  not  be  too  large,  have  been  steriliaed.  the 
syringe  is  filled  with  the  liquid  paraffin,  and  placed  in  a  baihof 
hot  water  to  keep  the  mixture  liquid  until  its  injection.  WTif" 
all  is  ready,  the  tip  of  the  syringe  is  made  to  pierce  the  inKg^' 
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ment  either  from  below  upward  or  from  above  downward,  and 
is  carried  some  little  distance  subcutaneously.  The  fluid  is  grad- 
ually injected  by  the  operator,  while  an  assistant  molds  the 
parts  into  proper  shape.  It  is  frequently  necessary  to  introduce 
the  needle  two  or  three  times  before  the  deformity  is  com- 
pletely overcome. 

This  method  will  certainly  be  efficient  in  relieving  defor- 
mity of  this  kind  in  certain  instances.  While  the  plastic  opera- 
tions previously  described  effect  a  radical  cure  of  the  deformity, 
it  must  be  remembered  that  in  some  cases  the  cicatricial  tissue 
is  so  extensive  as  to  rather  militate  against  success.  It  is  in 
just  this  class  of  cases  that  this  method  is  of  particular  value. 


CHAPTER    XXIX. 

RADICAL    OPERATION    FOR    CHRONIC    OTORRH<EA. — STACI 
SCUWARTZE   OPERATION. 

Tn  cases  of  chronic  suppuration,  where  there  is  evidently 
an  involvement  of  the  adjacent  pneumatic  spaces  within  the 
mastoid,  no  operation  either  upon  the  mi<UIIc  car  or  mastoitl 
alone  will  he  sufTicient  to  cause  entire  cessation  of  the  dis- 
charge from  the  middle  ear,  or.  in  case  mastoid  symptoms  are 
present,  to  afford  complete  relief.  Furthermore,  it  must  ht 
remembered  that  in  cases  of  chronic  suppuration  of  the  middle 
car,  with  extension  to  the  mastoid  process,  there  is  always 
danger  of  infection  of  tlic  adj.accnt  intracranial  structures  un- 
less the  piinileiit  focus  is  completely  eradicated.  Those  cases 
of  supiJurative  otitis  media  of  long  standing,  in  which  there  liM 
heen  a  deposit  of  cholcstcatomatous  material  within  the  tym- 
panic vault  and  in  (he  mastoid  cells,  are  iwriicnlarly  prone  to 
he  cnmplicatfd  hy  an  invasion  of  the  intracranial  structures. 
I'or  this  reason  the  surgeon  should  always  perform  so  thorough 
an  operation  :iB  to  remove  every  poBsiblc  source  of  infeciion 
from  the  entire  middle-enr  tract,  and  secure  such  thnrougli 
drainage  as  to  render  an  extension  of  the  suppurative  process 
inward  absolutely  impossible. 

Operative  procedures  have  lieen  instituted  with  this  en»i 
in  view;  in  all  of  tliese  the  absolute  necessity  of  free  drainage. 
both  of  the  middle  ear  and  niastiiid  antnim.  is  recnj^nixeil. 

Kitster  was  one  of  the  first  to  cstaljlish  through  and  through 
drainage  between  the  mastoid  cells  and  the  external  auditory 
canal.  This  procedure,  however,  simply  eslalilishetl  a  ven 
fair  drainage  between  tiie  external  canal  and  the  mastoid  cells, 
the  tympanic  vault  having  ajiparently  been  completely  over- 
looked by  the  surgeon.  To  obviate  this  defect,  Bcrgmann 
conceived  the  plan  of  thoroughly  draining  the  tympanic  ^-ault 
by  removing  its  inferior  and  posterior  wall.     The  operation 


Ai  l.nrf^e  ron[^ur  foiccpt ;  K,  nmall  runccur  [om;p^  ;  C,  Jamcn  inn|^ur  forcepi 
(oi  falai^inf;  iJiltii ;  I>,  pcrjtittcuni  clcvalon  ;  L.  rctr^clonti  F,  vulpck;  G,  SlkcLc'k 
ai>|pil>u  Liiivo  ;  II,  narraw  UunI  i]i»«clor  (or  icpnrn.liiig  tibroni  mralut ;  ].  mallei  ; 
J.  gTtioTcd  ilircclor  ancl  probe;  K,  Kivcrdin  »«irdlf  ;  I.,  curved  nrrdlm,  lilk,  ulkwortn- 

5ul  and  meut.  thr  Utirr  iiucd  hDih  for  •Jiilunts  and  linit\ir<;« :  M.  iicctllr-hcJdrr ;  N, 
ik^cciing  (oiccpii :  O.  tmrn  for  kinoolhlng  bony  uvicy.  prior  lo  giaftitig  ;  I',  large 
an  J  imall  chKel*  and  Koiitjcs;  <J,  curved  (rouaci  for  removal  of  citfrniU  nail  of  mtk; 
K.  tliarp  irmnnv  of  various  >\ta ;  S,  culton-nolilcn ;  T,  h\um  tciuort,  carved  and 
Uraiglil :  tJ.  artery  clamps 
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proposed   by   Bergmann  has  been   somewhat   ebborated   by 
Siacke.*  who  has  obtained  excellent  results  by  this  mclhod. 

The  combination  of  the  methods  of  Kiister.  Bergmann.  and 
Stacke  coiistituLes.witU  some  sUglit  modifications. the  operative 
jjroeediire  employed  at  the  present  time  by  most  otologists  in 
dealing  with  these  cases,  and  is  known  as  the  Stacke- Schwartze 
operation.  The  technique  of  the  procedure  is  as  follows:  An 
incision  is  made  extending  from  just  below  the  tip  of  the  mas- 
toid and  following  the  curvilinear  line  of  auricular  inserlion 
about  one  third  of  an  inch  behind  this  line  to  a  point  just 
above  the  superior  attachment  of  the  auricle.  The  incision  is 
carrietl  thnnigh  all  of  the  soft  parts  down  to  the  Imne.  In 
making  this  incision,  operators  vary  as  to  the  distance  at  which 
it  should  be  placed  behind  the  hne  of  auricular  attachment. 
Thus,  Hailancc  f  places  the  incision  at  least  one  half  of  an 
inch  behind  the  posterior  auricular  fold.  This  operator  also 
carries  the  first  incision  through  the  integument  alone,  the 
deeper  structures  being  divided  more  anteriorly.  In  this  way 
the  posterior  wound  is  terraced,  so  to  speak,  the  line  of 
tlivision  of  the  deeper  tissues  being  anterior  to  that  of  the 
bupcrficial  cutaneous  tissue.  I  have  cinjdoyed  this  incision, 
hul  find  that  it  possesses  no  advantages  over  the  more  sim- 
ple method  of  carrj-tng  the  initial  incision  through  the  soft 
parts  down  to  the  bone.  It  is  important  in  dividing  the 
superficial  struclureB,  to  earry  the  incision  well  forward  over 
the  top  of  the  ear.  If  this  is  not  <Ione,  it  is  .almost  im- 
possible to  secure  a  perfect  exposure  of  the  superior  wall 
of  the  canal,  ami  it  is  therefore  rli(!icult  to  thoroughly  re- 
move the  external  wall  of  the  tympanic  vault.  In  carrying 
tlw  incision  over  the  ear.  it  is  not  necessary  to  divide  all  the 
soft  tissues  down  to  the  bone.  If  the  skin  and  superficial  fascia 
are  rlivided  in  this  locality,  it  will  be  perfectly  possiljle  If)  Ihor- 
otighly  expose  the  upper  wall  of  the  canal  by  strong  traction 
on  the  flap  without  dividing  the  underlying  fdjres  of  the  tem- 
poral muscle.  All  bleeding  vessels  are  secured  by  clamps,  care 
being  taken  to  bruise  the  soft  tissues  as  little  as  possible.  AU 
of  the  soft  parts  composing  the  anterior  llap  are  separated  from 
the  underlying  bone  by  the  use  of  the  periosteum  elevator.  In 
this  way  the  auricle  is  turned  forward  and  the  margins  of  the 


*  Die  DpernCii-e  Freilegung  det  M iUelohmluine,  Tuliinjen,  l8g7. 
f  MedtiM.Ctiirutgiol  Ti«nuciioii»,  vol,  Ixxsiii. 
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bony  meatus  become  visible.     The  fibro-cartilaginous  timng 
of  the  bony  meatus  is  now  rarefully  se|)araleil  from  the  osseous 
walls  by  means  of  a  narrow,  blunt-poinied  periosteum  eIe\-aior, 
or.  If  this  instrument  is  not  at  hand,  the  closed  blades  of  the 
btunt-jwintcd  scissors,  curved  on  the  Hal,  may  be  used  for  thi* 
purpose.     The  fibro-cartilaginous  tube  is  dissected  from  ilie 
upper,  posterior,  and  inferior  walls  to  as  great  a  depth  as  pos* 
sible.     In  cases  of  profuse  suppuration,  of  long  .standing,  il 
will  be  impossible  to  separate  the  soft  lining  of  the  canal  from 
the  underlying  bony  parts  for  any  considerable  distance,    id 
cases  wlierc  there  has  been  but  slight  discharge,  howe^'cr.  the 
surgeon  can  frequently  carry  this  disaection  to  within  a  short 
distance  of  the  dmm  membrane  before  the  lumen  of  the  car- 
tilaginous canal  is  opened  by  the  instrument.    When  thii  dis- 
section has  been  carried  as  deeply  as  is  practicable,  the  fibro- 
cartilaginous tube  is  divided  transversely,  as  close  to  the  dnun 
membrane  as  possible  by  means  of  a  narrow  knife.     A  stripof 
gauzQ  is  then  introduced  into  the  external  auditory  meatus  and 
brought  out  through  the  opening  behind  the  car.     Firm  trac- 
tion is  now  made  on  this  strip  and  the  entire  fibro-cartilaginous 
tube  is  pulled  out  of  the  bony  meatus.     The  posterior  llap  ii 
now  separated  from  the  bone  by  means  of  the  iwriosteum  ele- 
vator,   and    the    typical    mastoid   operation    is   iwrformeil.  ihf 
antrum  being  entered  in  the  manner  already  described  in  deal- 
ing with  the  techni<iue  of  the  mastoid  operation.     The  extent 
to  which  the  mastoid  cortex  shall  be  removed  and  the  pnW' 
matic  spaces  broken  down,  must  vary  willi  each  individual  caw 
We  not   infrec|uently   find,  in  cases  of  long-continued  su]'P"' 
ration,   which   have  resisted  all  methods  of   treatment  oih"" 
than  operative,  that  the  mastoid  process  has  become  sclerosoi. 
its  cellular  structure  practically  obliterated,  and  that  the  only 
pneumatic  space  which  exists  is  the  antrum  which,  as  we  know* 
communicates  directly  with  the  middle  ear.     When  this  comb- 
tion  is  present,  it  is  of  course  unwise  to  perform  a  typical  taas- 
toid  operation  and  remove  the  mastoid  tip.     This  rule  applie* 
even  when  the  entire  mastoid  is  pneumatic.     We  not  infre- 
quently meet  with  cases  of  chronic  suppuration  of  the  middle  eU 
demanding  this  operation,  in  which  the  mastoid  antrum  alone 
is  involved  in  the  suppurative  process.     On  opening'  the  ma^ 
toid  cortex,   in  the  usual  manner,  we  find  that  the  mastoid 
process  is  pneumatic  throughout.     It  is  not  necessary  in  these 
cases  to  obliterate  the  entire  pneumatic  stnicturc  of  tiic  mas- 
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toid.  The  operator  shoutd  proceed  carefully  and  should  break 
down  all  cells  which  seem  to  be  diseased.  No  doubtful  tissue 
should  l)c  left.  Wlien.  however,  perfectly  normal  pneumatic 
spaces  are  reached,  these  need  not  necessarily  be  obliterated. 
The  operator  must  simply  look  upon  this  structure  as  being 
norma!,  and  may  then  proceed  with  the  subsequent  steps  of 
the  operation.  Experience  has  shown  that  infection  in  these 
spaces  can  he  avoided  at  the  lime  of  the  operation,  and  if  they 
arc  not  already  discascil  they  need  not  be  ohliteratcil.  As 
soon  as  the  antrum  has  been  entered,  ocular  inspection  and 
the  careful  use  of  the  probe  will  indicate  to  the  surgeon 
how  much  of  the  mastoid  process  he  must  remove.  In  ad- 
vanced cases  of  cholesteatoma  we  frequently  fimi  the  entire 
mastoid  convertcil  into  a  large  cavity,  filled  by  a  chotestca- 
tomatous  mass.  In  these  cases,  of  course,  the  cortex  must  be 
ablated  over  the  entire  affected  area  so  as  to  remove  every 
vestige  of  the  cholesteatoma.  In  other  cases,  we  find  evi- 
dences uf  purulent  infection  invading  the  cells  even  as  far  as 
the  lip.  In  those  cases  the  entire  tip  must  be  removed.  The 
extent  to  which  the  mastoid  is  broken  down  must  vary  with 
each  individual  case,  and  nmst  lie  governed  by  general  surgical 
principles.  .After  the  mastoid  has  been  thoroughly  cleared  out, 
to  whatever  extent  is  necess;ir}',  the  ne.xt  step  ts  to  break 
down  the  bony  partition  between  the  external  auditory  meatus 
and  the  artificial  opening  made  in  the  mastoid.  The  removal  of 
this  bony  partition  should  begin  at  a  level  with  the  upper  wall 
of  the  meatus,  the  chisel  being  directed  inward  and  slightly 
upward  so  as  to  follow  the  line  of  the  upper  wall  of  the  canal. 

Instead  of  breaking  down  this  jKirtition.  the  openitor  may 
follow  the  plan  advised  by  Stacke.*  by  first  rfmoviiig  ihe 
external  wall  of  the  tympanic  vault  through  the  meatus.  The 
external  wall  of  the  tympanic  vault,  as  it  will  be  rcmcm!>cred, 
is  constituted  by  the  upper  and  inner  extremity  of  the  bony 
canal.  Tlic  removal  of  this  bony  i)Iate  exposes  the  cpitympanic 
siracc,  showing  the  malleus  and  incus  in  po.sitii»n.  While  it  is 
exceedingly  simple  in  the  cadaver  to  remove  the  inner  ex- 
tremity of  the  upper  wall  of  the  bony  canal  through  the  meatus, 
and  to  expose  the  entire  tympanic  vault  and  the  adiliis  ad  an- 
trum in  this  way.  it  is  somewhat  difficult  to  carry  out  this  step 
of  the  operation  when  the  parts  are  more  or  less  obscured  by 
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surfaces  quite  fi 
ders  this  ste|)  of  llie  operation  difficult  and  tctlions.  I  prefer, 
ihcrefore.  to  cnicr  llie  mastoid  antrum  in  the  typical  manner 
already  <Iescribc(l,  and  to  then  break  down  the  partition  be- 
tween ihe  artificial  mastoid  openin}^  and  the  external  atiditorj' 
mciitiis.  This  is  best  done  Iiy  dividing  the  partition  first  along 
the  horizonlal  plane  parallel  with  the  upper  wall  of  the  external 

auditory  canal.     If  the  Iwny 
tissues    could     be    divided 
along  this  line  the  aditus  od 
antrum  would  be  reached,    If 
llic  chisel    is  carried   l)elow 
this  line,  there  is  danger  of 
injuring    cither    the    faciitl 
nerve  or  the  horizontal  wnii- 
circular  eanal.     In  pnctic?, 
in  order  to  effect  diviHoiiof 
the  bony   tissues  along  tlic 
plane  of  the  upper  wall  of 
the  external  auditor)-  canal, 
n    certain    ainonnt    of  boat 
must    be    removed   below: 
consc(itienIly,    the  operator 
should  eidargc  the  opening 
through  the  mastoid  corlrt 
until    it    assumes   a   funnel- 
shaped  form,  the  apex  of  the  funnel  lying  at  the  mastoid  ac- 
tnim  and  the  broad  base  of  the  funnel,  including  an  area  of 
the  mastoid  cortex  and  nf  the  external  auditory  canal.  t!ic 
vertical  iliameter  of  which  is  ttjual  to  the  vertical  diameter  of 
Ihe  external  auditory  meatus.     In  breaking  down  the  va^ 
between  the  canal  and  this  funnel-shaped  opening  in  the  miv 
toid,  the  operator  should  remove  a  vvcdge-s!uiped  piece  o' 
bone,  the  base  of  the  wedge  corresp^mding  to  the  vertical 
diameter  of  the  meatus  and  the  apex  corresponding  to  the 
ailitus  ad  antrum — that  channel  which  joins  the  mastoid  an- 
trum with  the  tympanic  v;iult.    This  removal  may  be  effected 
cither  by  means  of  the  chisel  or  the  narrow  rongeur  forceps- 
The  goose-neck  forceps,  de\'iscd  by  janscn  for  this  purpose. 
are  very  convenient  in  certain  cases. 

The  important  structures  to  be  avoidwi  lie  just  below  the 
apex  of  this  wedge-shaped  piece  of  bone  to  be  remove<l.    Tlici 


Fig.  ]J5,— Theiyminnici'aiilt  atHt  il»  cun- 
IciiikvapuscJIiy  the  rcmuval  afitiouICT 
vai],  and  the  diviMQn  of  the  (ibrinu 
inMtui  it»n*ve™e!y  close  to  the  mcm- 

bnuta  lympAni.    (Aulhor't  upectmcti.] 
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are:  llif  horizoiital  semicircular  canal,  which  forms  really  ilic 
fl(X)r  of  llie  atlitiis  ail  antrum,  and  immediately  below  this,  tlie 
ac|u:f<luctiis  Falloi)ii,  wliicli  coiitaiiis  lliir  iniiik  ai  the  facial 
ncrvc.  Lower  still  we  have  the  oval  window  containing  the 
stapes.  IE  the  operator  proceeds  from  without  iruvanl.  he  may 
follow  the  upper  wall  of  the  external  auditory  catial  inward 
until  the  adttus  ad  anlrum  is  reached.  He  may  follow  the  in- 
ferior wall  of  the  canal  inward  for  at  least  two  thirds  of  its 
length.  The  removal  of  the  bfjtiy  partition  along  these  lines 
will  then  reveal  the  prominence  of  the  horizontal  semicircular 
canal,  aiid  immediately  below  lliis.  and  often  anialgamate<t  willi 
it.  that  of  the  iKpiajductus  l-'allopii.  If  the  posterior  wall  of  the 
mcaliis  is  removed  throitghcnit  its  entire  extent  as  far  as  the 
internal  wall  of  the  middle  ear,  i-illicr  the  horizontal  semicir- 
cular canal  or  the  aqu.xdiictus  ]-"aIIopii  must  be  injured.  The 
point  which  the  operator  should  remember  is  to  follow  inward 
along  the  level  of  the 
in f eri or  wall  of  the 
meatus  for  about  two 
thirds  of  the  length  of 
thi$  channel,  while  the 
bony  tissue  can  be  re- 
moved along  the  up- 
per wall  until  the 
adilHS  ad  antrum  is 
reached.  When  this  tri- 
angular or  really  quail- 
rilateral  piece  of  bone 
has  been  removed,  the 
surgeon  will  be  able 
to  see  distinctly  the 
prominence  of  the 
horizontal  semicircular 
canal  and  the  facial 
canal,  and  close  inspec- 
tion %vill  reveal  below  this  the  oval  window.  After  these  steps 
of  the  operation  have  been  accomplished,  the  operator  will  then 
break  away  the  floiir  of  the  tympanic  vault — that  h.  the  inner 
extremity  of  the  superior  wall  of  the  external  auditory  meatus. 
'ITiia  procedure,  when  completed,  will  disclose  the  entire  middle- 
car  cavity  as  continuous  with  the  e.Kternal  auditory  canal;  the 
,d  and  neck  of  the  malleus  with  the  sliort  and  long  process  will 
87 


■Specimen  showing  a|>pi»ranre  if  lionjr 
iificf    O 


t'lQ.  Hfi.— Sp 

cavity    xficf    (lie   complete    radical    opcriiiion. 
{Aullior'a  vpcciuieii.) 
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be  readily  seen,  and  Ix-Iow  ttiis  iK)ssil)Iy  the  remnants  of  the  t>iii- 
panic  incnibranc.     The  Ix>dy  of  tlic  inctis.  with  its  short  prcccss 
in  the  !iella  iiicudis  and  its  lonp  process  extending-  downward  to 
Ihc  incuiio-stapedial  articulation,  will  also  be  made  out     Above 
the  hea<I  of  the  stapes  the  operator  will  see  the  prominent 
ridj;rc  which  eonstiiiiles  the  aqna:?ductus  Failopii.  and  just  above 
this,  and  ttfleii  continuous  witli  il,  the  prominence  of  the  bori- 
zonuil  seniicirail:ir  cana!.      It  is  then  simple,  after  this  thorough 
cxpnsurc  uf   the  ]iarts.   to  divide  the  inaido-stapcdia!  artiai- 
Uliun.  if  this  is  still  intact,  and  to  remove  Che  malleus,  inciu, 
and  Hiiy  rcnitiarts  of  the  drum  membrane.     All  of  this  ran 
be  done  without  disturbing*  the  stapes.     After  the  ossicles  tuvc 

been  removed,  the  entire  cavity  «■ 
pfiscd  should  be  curetted  until  firm 
Ijonc  is  encountered  in  every  direc- 
tion. 

The  CTirelte  shouUl  also  be  inEfh 
(hiced  well  into  tlie  tynijunic  orilicr 
of  the  Eustachian  tube,  so  as  to  cause 
a  cli>surc  of  this  tube,  to  prevent  sub- 
sequent infection  of  the  middle  faf 
from  the  naso-pharyns.  The  iimrr 
extremity  of  the  floor  of  the  caiul 
should  also  l»e  carefully  remo^-ed  a* 
low  down  as  the  tymiKinic  floor,  diis 

Flo,    147.— Complete    SUclcc-      1  v.        ,■  11.  

s.t.w«rt«  opir^uon.    The  oblitcralHig-  the  hypotympanic  spirt, 
jnaiwtd  cciu  *na  r.i<ldlc  Mr  j^q  inner  extremity  of  the  posterior 

have  been  Inmim  inlo  nnc  n       f     1  ,      t         ■  ■       i        t 

laincfavity.conntmoo^wiih  \vall  of  the  caual  should  also  be  fll^ 

th«cMcrri:.i«u<»!o(ymL-a[ii*.  tiirtisly  rcmovecl,  SO  as   lo  ohlitcrate 

Mtbur.)  the   posterior  tympanic  space.     Borti 

of  these  procedures  are  best  effKitJ 

by  means  nf  a  curette.     The  gouge  may  be  used  cautioujly. 

but  the  final  steps  are  Ik'si  carried  out  with  a  curette. 

All  of  the  deeper  bony  dissection  13  best  done  with  titc**! 
of  cither  the  forehead  mirror,  using  reflected  light,  or  of  t6« 
electric  head  lamp. 

After  all  carious  bone  has  been  removed  and  tlic  hxttior- 
rhage  stopped  from  all  bleeding  points,  the  operator  pro- 
ceeds to  line  the  cavity  with  epithelial  (laps  derived  from  ii'< 
[Hjsterior  wall  of  the  fiI)ro-cartilaginous  meatus  and  from  the 
concha.  Slackc.  In  his  earlier  opcnition.  advocated  the  spliiti'ig 
of  the  fibro-cartilaginous  meatus  along  the  posterior  asp«t. 
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and  lucking  the  Iwo  iriarpular  flaps  thus  (ornicd,  the  one  up- 
ward ami  backward  and  the  other  downward  and  l)ackward  into 

iht  btiny  c:ivity  fornii-'d  by  the  en- 
largement of  the  fundus  of  the 
canat. 

Pansc  modified  this  ijroce[lure, 
converting  the  lioriziiiital  incision 
along  the  postirrior  uiill  of  the 
canal  into  a  T-sliapcd  incision,  by 
making  one  cut  upward  and  an- 
other (lo\Muvar<!  where  the  hori- 
zontal incisidii  :iknig  ihe  posterior 
Fio.  m5.— St«cke-Sch«-,vrticopcm-    wall    cif  tlic   meatus  extends  into 

lior..    F-nnBij*!.  of  flfli»  I7   ii,e  cuiK-lia.     In  this  manner,  two 
Panfc  s  mciki»l.    (From  diuec-  ,    ,  ,  „  ,  ,' 

tioni  by  the  author.)  ciiuidnlati.ntl  Haps  arc  lormcd,  one 

whicli  is  turned  upwartl  and  the 
other  downward,  so  as  to  more  perfectly  line  the  cavity  formed 
by  the  extensive  removal  of  the  hone.  These  two  Haps  are 
held  in  position  tjy  means  of  sutures  which  pass  through  the 
fla])s  and  henil  the  upper  llap  for- 
ward and  upwan!  upon  itself,  while 
the  lower  flap  is  bent  backward  and 
downward  upon  ilsclf.  All  .<;ulnrcs 
pass  through  the  quailnlaleral  Hai)S 
and  through  the  soft  structures  in 
the  anterior  flap. 

Another  modification  of  the 
plastic  operation  is  that  of  Koerner. 
who.  instead  of  dividing  the  fdiro- 
cartilaginous  luealna  by  a  horizon- 
tal incision,  makes  one  horizontal 
Inci.'^ion  along  the  upper  ami  poa-  p.^^  ,4y._m^kc-Sct>iv».t,c-or,c.a. 
tcrior  margin  of  the  tihro-cartilag-       "'on-   t^p  '""b  "oiieuf-'.ii.ipcd 

.    ,  ,     ,  ,  ,  .,  flap,  (urmeit  nccuiilliii;  10  Koer- 

mous  tube  and  the  other  along  the        „(.^-,  „,ptJ.oJ.  i»  mtci  Siaw..  uut. 

nostcrn-iiifcrior  margin.     Thi«  in-        wanlarnl  backwaul  bymcoiwuf 

...  II-  ■  D  clnmii.    (Ffom  diuccliunN  by 

cwion  IS  extended  out  into  the  con-        (h«  iwthoi.) 
cha.    In  this  way.  a  single  quadri- 
lateral flap  is  formed,  which  can  be  forced  backward  into  the 
bony  cavity. 

The  cartilaginous  stnicturc  of  the  concha  inteKercs  mate- 
rially with  the  reflection  of  this  flap  backward  into  the  bony 
cavity,  which  it  is  supposed  to  line.    In  order  to  obviate  this 
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<lifficulty.  Janscn,*  of  Berlin,  advocates  the  <tlsscctinff  out  ofl 
ilitr  cartilage,  ilnis  making  the  fl:t]>  thin  and  allowing  of  lis  easy' 
displacement  into  the  bony  cavity.  I  have  aiivmpiett  ilusj 
method  in  one  case,  and  the  result  was  fairly  successful. 

Still  another  method  is  that  recommended  l>y    I.lallancc.'t 
in  which  a  tongue-shaped  llap  is  formed,  which  inchidcs  prac- 


Flo.  ISO. — IneUlon  of  cimcha  to  (onxi 
ttmAai  I!a|).    (BdUnce.) 


lion.     (Kkllonce.) 


tically  the  entire  area  of  the  concha.  This  flap  is  cut  ffW 
the  auricle  by  passing  a  thin  knife  into  the  external  auditor)" 
meatus,  just  behind  the  tragus.  The  knife  is  then  |v7*seii 
downward  and  made  to  divide  the  integument  along  the  en- 
tire anterior,  inferior,  and  posterior  aspects  of  ilie  concha,  tlic 
incision  stopped  just  below  the  anteri(jr  cms  of  the  anlihclix. 
The  toiigue-sha])ed  tlap  thus  formed  is  dissected  up  from  the 
underlying  cartilage  and  the  cartilage  is  excised.  This  tongiie- 
shapcd  flap  is  then  turned  upward  and  backward,  and  is  heM 
in  position  by  relcniion  sutures  against  the  corresponding  raw 
surface  of  the  anterior  atirirnlar  llap — that  is.  the  two  raw  anrJc- 
ular  surfaces  are  brought  together.  It  will  be  seen  that  in  this 
way  a  cutaneous  flap  is  formed  which,  on  turning  the  auride 
backward,  fits  for  a  considerable  distance  into  the  np()er  an'i 
posterior  |)ortion  of  the  bony  cavity,  and  thus  serves  lo  li"' 
this  with  integument. 

Bailance  also  advocates  the  subsequent  lining  of  the  en- 
tire bony  cavity,  at  a  period  of  ten  days  after  the  primary  opera* 

*  Vcrhanilliin^ii  dcr  Jcutschcn  olologibchen  GcKllsthan.  Sicbcaic  VcbbV' 
lung  in  WUnbarg.  p.  I9&.  f  Lvc.  tit. 
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tion.  with  skin  grafts  a(tcr  the  Ticrscli  method,  the  posterior 
wound  being  reopened  for  ihe  purpose  of  inserting  the  grafts. 
From  my  own  e.\perience,  1  can  say  I  have  formed  flaps  in 
all  of  the  ahcive-tneiitioned  ways,  and  believe  that  the  exact 
flap  to  lie  forincil  must  depend  upon  the  particular  confornia- 
lion  of  the  parts  in  each  in<lividual  ca^.  I  might  sny,  in  re- 
ganl  to  the  I'nnse  method,  that  for  .some  time  1  have  adopted 
a  motljfication  which  has  heen  very  vahiable  to  nie.  Instead 
of  bending  the  upper  and  lower  tiaps  backward  upon  their- 
selves  and  siituring  them  to  the  .'inleHiir  fl:i]i,  to  which  they  are 
already  attache*!,  1  hnve  passed  deep  sutures  of  heavy  catgut 
through  the  entire  de])th  of  these  flaps  anil  sutured  them  to 
the  periosteal  margin  behind  the  ma5toi<l  wound.  The  upper 
suture  passes  ihroiigh  the  outer  extremity  of  the  upper  quadri- 
lateral flap  and  through  the  periosteal  niarKin  of  the  posterior 
wound  adjaceni.  Whei^  traction  is  made  upon  this  suture  the 
qnadril'itcral  flap  is  pulled  upward,  outward,  and  backward,  so 
that  its  cutaneous  surface  forms  a  lining  for  the  upper  part  of 
the  bony  cavity  by  iis  raw  surface  being  forced  against  the 
walls  of  this  cavity.  The  lower  quadrilateral  flap  is  attached  to 
the  periosteal  margin  of  the  wound  behind  and  below  in  ex- 
actly a  similar  mauiK-r.    Il  will  be  seen  that  the  cfTecl  oi  these 


i^\ 
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Fig-  is*- — Melhod  o\  lintne  the  operation  wound  by  inestis  of  a  '■Win  Hup  tfilctfl  from 
Uw  neck,  ju-t  licluw  Sic  lip  of  llic  mfttloiJ,  ^fawow's  mclhixl.J  A.  a/  jf. 
TUp  nit  from  below.  B,  Hap  mlAteri  ifitn  pfwlcnvauriculaT  optming  and  i,u- 
■ured  In  poiiiion.  In  Ihis  filMtie  operation  *  |>enniiiient  rcuo^urkulu  0]>enii>g 
remaiiia. 

two  sutures  is  not  only  to  partially  line  the  bony  cavity  with  the 
Haps  thus  formed,  but  also  to  enlarge  considerably  the  orifice 
of  the  external  auditor)'  canal  so  that  practically  the  entire 
field  of  operation  can  be  insperterl  by  rctlected  light  through 
the  nieams.  When  these  deep  sutures  arc  tied,  it  will  be  found 
that  the  superficial  tissues,  which  have  been  divided,  will  fall 
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backward  into  fairly  good  approximation.    These  sutures  be- 
ing- of  catgut,  have  been  buried,  and  have  served  to  hold  not 
only  tlie  tlaps  in  place  and  to  force  them 
respectively  well  ujjwani  and  downward 
into  the  canal,  but  have  also  serv-ed  to 
bring  the  cutaneous  margins  of  the  ex- 
ternal wound  in  pretty  close  apposition. 
It  will  be  understood  that  whatever 
fortn  cd  llap  operation  is  chosen,  and  in 
whatever  manner  these  flaps  are  secure<i 
in  place,  the  posterior  wound  is  ulti^13l^ 
ly  to  be  closed  completely  by  either  silk, 
sJlkworm-giiC   or   catgut    sutures.     Mjr 
owti  preference  is  to  put  in  several  su- 
tures of  silkworm -gill,  passing  thruugh 
the  entire  iliickncss  of  l>nth  the  antenor 
and  posterior  Haps.    These  sutures  pierce 
the  integument  of  the  anterior  and  pos- 
terior flap!!  anywhere  from  five  sixteenths 
of   an    inch 
to    half    an 
inch      from 
their     mar- 
gins respectively,  ami  also,  be- 
ing passed  deeply,  support   the 
tissues  and  insure  firm  union  of 
the  deeper  structures  througli- 
out.    At  intervals  between  these 
silkworm-gut    sutures,     I    have 
been  in  the  habit  of  inserting  a 
few  superficial  sutures  of  rather 
fine  silk,  so  as  to  secure  perfect 
approximation  of  the  entire  hne 
of  incision.     In  certain  cases,  1 
have  used  nothing  but  catgut  su- 
tures, the  advantage  in  their  use 
being   that    they   are   ab.sorhed, 
and  the  inconvenience  tn  the  pa- 
tient, of  their  removal,  is  avoid- 
ed.   Provided  the  suture  material  is  sterile,  it  is  of  very  li"'^ 
importance  what  kind  of  suture  material  is  employed  to  boU 
the  flaps  in  position. 


Fin.  153. — The  larmacion 
ol  flaps  for  linirif:  the 
hony  CAvity  after  rndj- 
Cftlapcmtion,  a,  Klap 
laktn  from  pristcnor 
ttirf&ce  of  auricle:  *. 
t,  Klajis  taken  fruiti 
Iiuu»  of  neck  Ldow 
nuuioid  Apml-ouric- 
ulu  opening  rcniaint 
after     thi*    ofici-AiicHi. 

iM«lh»Hof  Janun  and 


FlC.  154.— Method  of  linine  b^lF 
Lilvily  wllh  t.kit(  flsp&i  «.  tltp 
laktn  al>ovc  (rum  pwitrur  M»- 
i:in  i>f  miikiciid  trotind;  i. 
taken  fr.im  pnsicrior  roaiii 
mastoid  wounil  below;  ihc**!. 
ilnps  are  iIum:<:(ciI  upmid  IV 
ihcn  tnmcd  into  iIm  Irnpii^ 
carliy :  e.  An*  along  md,  ^i" 
h  undennined  after  IbcM  ' 
have  been  famed  to  b»  lo  < 
k[ipnniiDBUaii  of  the  c4. 
(mund  over  iHe  ffapi.  (M«' 
of  Schwarlie  and  KJeUcbni«i*'l 
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In  all  of  the  methods  of  nperaiion  previously  detailed,  the 
idea  o(  the  operator  should  be  tn  drain  llic  middle  car  entirely 
through  the  mealus,  closing  the  wound  Ijchind  the  car  com- 
pletely. Certain  operators,  as  Passow,  Janscn,  Rcinhardt, 
Kretschtnann,  and  Schwartzc.  have  advocated  lininc  the  cavity 
already  formed  in  the  mastoid,  with  cutaneous  flaps  obtained 
from  the  integument  of  either  the  anterior  or  posterior  flaps, 
thus  leaving  a  permanent  opening  behind  the  ear.  While  it  is 
possible  by  any  of  these  mcthoils  to  form  a  tegumenlarj'  lining 
for  the  cavity,  composed  of  mastoid  cells,  middle  ear.  and  cx- 
Icnial  auditory  meatus,  the  unsightly  deformity  which  results 
from  a  large  permanent  opening  behind  the  ear  seems  to  mc 
to  constitute  a  radical  objection  to  all  of  these  methods. 

The  methods  of  formation  of  these  flaps  will  be  easily  under- 
stood from  the  appended  figures,  which  are  reproduced  from 
the  excellent  work  of  Jacobsoti.* 

In  a  number  of  my  cases,  for  the  last  year,  I  have  dissected 
out  more  or  less  of  the  cartilage  of  the  concha,  and  in  every 
instance  have  ftnind  ihc  results  of  the  ])lastic  operation  were 
much  better  when  this  was  done  than  when  the  flaps  were 
allowed  to  remain  of  their  original  thickness.  I  have  also  made 
use  of  the  tonguc-shapcd  flap,  with  the  dissecting  out  of  the 
cartilage  after  the  Hallancc  metlnnl,  bu!  have  slightly  modified 
the  manner  of  holding  the  fla]t  in  position. 

After  the  tongue- shaped  flap  has  been  cut  from  the  concha 
and  the  cartilage  dissected  out.  the  cutaneous  flap  is  pulled  njv 
ward  and  Iwckward  into  (he  posterior  wound  and  its  raw  surface 
applied  to  a  corresponding  raw  surface  on  ihc  anterior  flap  con- 
sisting of  the  auricle.  In  other  words,  the  flap  is  bent  back- 
ward upon  itself  and  the  tissues  arc  sutured  together,  raw  sur- 
face to  raw  surface,  by  means  of  catgut  sutures.  In  this  w.-iy, 
the  meatus  is  not  only  enlarged,  hut  by  the  stitching  up  of  the 
longuc-shaped  flap,  in  the  manner  above  described,  a  cutaneous 
lining  is  formed  for  the  upper  portion  of  the  bony  cavity,  when 
the  auricle  is  replaced  ami  the  [>osterior  wound  sutured. 

I  have  never  attempted  to  line  the  middle-ear  cavity  by 
means  of  the  Ticrscb  grafts,  by  reopening  the  posterior  wound, 
as  advocatc<I  by  Ballancc.  but  in  one  instance  secured  an  admi- 
rable result  by  lining  t!ic  entire  wound  through  the  external 
auditory  meatus,  the  opening  which  was  left  after  the  plastic 

*  Lchitxich  Art  Ohrcntidlliuiide  fUr  Acnic  und  Sludircndc.  L.  Jacubson  and  L. 
Blau,  Ljciptif,  190a. 


Fic.  15;. — Bolhncc'ii  intlrunicnta  for  aliin  crafllne-  A,  Larec  t**at  for  cultbt 
sratb  \  D.  I'ipettcs  for  lemdval  of  air  anil  blouJ  rtoin  liciiiralli  (he  grxfli  wba 
tn  {Mail ion  ;  C,  NcmII«  for  manipiilAiing  graft  ;  I),  Bliint  innirtinicnl  loi  pr«viif 
ffiafit  An  horty  wall  and  fnr  packing  p]«<l{tcli  inlo  tympanic  cavity  lo  bold  gnft' 
in  pinsiiinn  ;  K,  Ktnad  hjiatuVc  u[»in  wtucli  graft  ii  tptuiJ  and  fru«D  wUtb  It  k 
carried  inio  the  tymiunic  oviEy. 

entire  cavity  nf  the  middle  ear  as  completely  as  possible  hy 
menus  of  Tiersfli  ^'rafts  taken  from  tlie  tliijfh  of  the  jiaticiil. 
As  large  a  gmft  as  possible  should  be  cut  and  carefully  slid  oS 
from  tlie  raziir  on  Ut  a  broad  s])atula.  These  grafts  arc  more 
easily  transifcrrcd  if  they  are  Nliglitly  moistened  with  a  fcvf 
drops  of  a  normal  salt  solution.  Care  ghouULbc  taken  to  spread 
the  graft  out  Mat  upon  the  spatula  and  to  sec  that  its  edges  do 
not  curl  under.  The  graft  is  then  quickly  but  carefully  slid 
from  the  spatula  into  the  bony  cavity  which  it  is  intended  10 
line.  To  transfer  the  graft  in  this  way  a  long,  straight  neolle 
seems  to  be  the  best  Instrument.    Tlie  spatula  having  the  graft 
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in  position  is  carried  as  close  to  the  operation  wound  as  pos- 
sible. The  edge  of  tlje  graft  nearest  the  wound  is  then  carried 
rapidly  from  the  spatula  across  the  wouiul  surface  from  bcliind 
forward.  While  this  manipulation,  from  its  dcscriplion,  may 
seem  to  be  difficult,  it  is  in  reality  very  simple  to  slide  the  graft 
from  the  spatula  into  the  wound,  and  to  so  place  it  that  it  will 
completely  Ail  the  fundus  of  the  canal,  covering  the  roof  of  the 
tympanum,  and  the  decjier  portion  of  the  spur  of  bone  which 
forms  the  wall  of  the  faecal  nerve  and  horizontal  semicircular 
canal.  Jt  is  important  that  the  bony  cavity  should  be  as  dry  as 
possible  before  the  graft  is  put  in  position;  to  this  end,  the  cav- 
ity may  be  packed  with  either  sterile  gauze  or  with  gauze  sat- 
urated in  a  stilution  of  adrenalin  chloride  i  to  i.ooo  until  the 
oi>crator  is  ready  to  introiluce  the  graft.  Tlie  packing  is  then 
reiiH)ve<l  by  an  a.ssistant  and  the  Rraix  quickly  .slid  into  posi- 
tion. In  spite  of  all  care  there  will  he  a  little  oozing  under 
the  graft.  This  blood  is  t)cst  removed  by  means  of  a  thin,  fine 
glass  pipette  introduced  under  the  margin  of  the  graft,  suction 
being  applied  to  the  pipette  by  the  lips  of  the  surgenu  nr  of 
an  as.<;islant.  fn  this  way  all  air  bubbles  are  removed  and  the 
graft  falls  naturally  into  position  upon  the  surface.  Tliis  in- 
genious method  of  applying  the  grafts  was.  I  think,  first  sug- 
gested by  Mr.  Batlancc.  After  the  graft  is  in  place,  it  should 
be  maintained  in  position  by  a  firm  packing  of  pledgets  of 
sterile  cotton.  These  pledgets  are  frequently  impregnated  either 
with  aristol,  xcroform,  iodol,  or  some  such  antiseptic  powder, 
(he  idea  being  to  keep  the  Imuy  cavity  as  dry  as  possible  in 
onler  to  favor  the  vivification  of  the  gnifts.  These  cotton 
pledgets  are  packed  upon  the  surface  of  the  graft,  and  are 
pressed  firmly  inward  upon  the  bony  wall  by  means  of  a 
snHKtth  steel  instrument  which  allows  the  cotton  pledget  to  be 
manipulated  consi<lerably.  while,  at  the  same  time,  the  smooth 
surface  of  the  instrument  docs  not  catdi  the  graft  and  tend 
to  pull  it  away  from  the  bony  surface  to  which  it  is  applied. 
The  entire  cavity  is  filled  with  these  cotton  pledgets,  the  aver- 
age numlier  of  jtledgcts  tntroduce<I  being  somewhere  between 
seven  and  ten.  .After  the  graft  has  thus  been  carefully  ap- 
plied, the  posterior  wound  is  sutured  in  the  manner  already 
detailed.  The  dressing  is  usually  changed  at  the  end  of  forty- 
eight  hours  and  the  stitches  removed.  Unless  there  is  some 
rise  of  temperature  or  a  profuse  pundcnt  discharge  from  the 
canal,  the  pledgets  holding  the  grafts  in  position  arc  not  r<- 
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L'ccI  until  tlie  fifth  or  sixth  day  after  operation. 


When  these 
found  adhortnj 


movi 

pledgets  arc  reinovetl  the  grafts  will  usiu 

over  the  greater  part  of  the  operation  cavity. 

W'herc  any  odor  is  present  at  the  first  dressing  it  is  well 
to  remove  at  once  the  pledgets  holding  the  grafts  in  position. 
Such  an  odor,  however,  does  not  necessarily  mean  that  the 
graft  may  not  have  taken  over  a  portion  of  the  surface  to  which 
it  was  applied,  as  the  odor  may  lie  due  to  a  necrosis  of  tliat  jmr- 
tioii  of  the  graft  which  has  not  adhered  to  the  underlying  bone. 
In  some  cases  it  may  be  difficult  to  remove  all  the  pledgets  at 
this  time,  in  which  event  the  meatus  should  be  syringed  with 
equal  parts  of  peroxide  of  hydrogen  and  sterile  water,  in  order 
to  thoroughly  cleanse  the  cavity.  This  iwroxide  irrigation  is 
to  be  followed  by  an  irrigation  of  normal  saline  solution.  The 
use  of  pero.\i<le  of  hydrogen  not  only  tends  to  cleanse  the  cav- 
ity, but  also  to  loosen  the  plc<lgcls  which  have  been  employed 
to  hold  the  grafts  in  position  and  to  render  their  removal  easier. 
After  irrigation  in  this  manner  the  cavity  is  dried,  a  light  gauze 
pricking  inserted,  and  the  wound  dressed  in  the  usual  way. 
Daily  dressing  of  the  wound  is  then  advisable.  The  pIcdgeU 
remaining  may  be  removed  at  subsequent  dressings  until  all 
have  been  accounted  for.  It  is  never  wise  to  use  any  undw 
violence  in  searching  for  these  pledgets  or  in  attempting  to 
extract  them  as,  in  this  way,  a  graft  may  be  detached  which 
would  otherwise  have  adhered  to  the  underlying  bony  wall.  At 
the  end  of  from  seven  to  ten  days  after  tlie  operation,  all  pos- 
terior dressings  can  usually  Ijc  removed,  and  the  line  of  in- 
cision covered  with  a  coltndion  dressing.  The  external  audi- 
tory canal  need  n<tt  l>c  iKickcd,  Init  it  will  Ik  wise  to  insert  a 
pledget  of  sterile  cotton  lightly  into  the  meatus,  to  prevent  in- 
fection from  without.  This  cotton  should  Ite  changed  cither 
by  the  patient  or  nurse  as  often  as  it  becomes  saturate*!  wilh 
discharge.  The  cmal  is  to  l)e  cleansed  several  times  daily  liy 
irrigation,  either  with  a  sohition  of  bichloride  of  mcrairy.  of 
a  strength  of  i  to  lo.ooo,  or  a  normal  saline  solution,  until  tl»e 
car  becomes  perfectly  dry. 

Reganliiig  the  results  following  these  operations: 
Out  of  two  hundred  and  seventy  cases  operated  upon, 
one  hundred  and  sixty-six  were  cured  and  seven  diecL  In 
thirty-three  there  was  a  slight  discharge  remaining,  in  eight 
there  was  a  nmlerate  discharge,  and  in  ct^t  a  profuse 
discharge.     3n  thirty-six  cases  the  result  of  the  operation  was 
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unknown;  twelve  cases  were  still  under  treatment  at  the  time 
of  collation  of  these  statlsiics. 

I  do  not  believe  that  subsequent  experience  yifR  demon- 
strate the  necessity  of  doing  a  secondary  operation,  in  the 
majority  of  cases,  in  order  to  secure  derma tizat ion  of  the  t>Tii- 
l>anic  cavity  by  means  of  the  'I'liicrsch  graft.  Of  course,  second- 
ary o])eration5  for  this  purpose  will  be  necessary  in  some  cases, 
particularly  in  those  where  the  jmrulent  discharge  has  been 
very  profuse,  and  where  it  is  practie:il!y  impossible  to  obciin 
a  fairly  aseptic  wmtnd  at  the  time  of  the  first  operation.  Cer- 
tain cases  of  this  kind  have  come  under  my  observation.  Here, 
[  simply  pass  the  deep  snliircs  already  mentioned,  but  do  not 
suture  the  cutaneous  wound.  As  soon  as  tlic  nii(ldle-e:ir  cavity 
seems  to  be  in  a  fairly  aseptic  condition,  the  grafts  are  then 
applie<l  and  the  superficial  wound  sutured.  The  passape  of 
the  deep  sutures  insures  the  maintenance  of  an  ample  meatus 
and  rather  favors  the  subsequent  coaptation  of  the  cutaneous 
parts,  while  it  in  no  way  interferes  witli  the  application  of  the 
grafts. 

Accidents  during  O/rra/fon.— Regarding  the  dangers  of  this 
operation,  a  few  remarks  may  not  be  out  of  place.  The  danger 
which  wc  usually  seek  to  avoid  is  injury  of  the  faclnl  nerve. 
This  can  be  avoideil  in  almost  every  instance  by  carefully  fol- 
lowing the  upper  wall  of  the  canal,  removing  the  external  wall 
of  the  epitympanic  space — that  is,  the  roof  of  the  meatus  close 
to  the  middle  ear — and  in  this  way  exposing  the  adilus  ad  an- 
trum and  anterior  portion  of  the  antrum.  The  prominence  of 
the  semicircidar  canal  and  the  aquarductus  Fallopii  will  then 
come  into  view.  H  these  parts  are  exposed  and  recognizetl.  the 
curette  may  then  be  used  (|uite  fret-Iy  Init  cantinn.sly,  Ixifh  u]t- 
ward  and  downward,  in  order  to  enlarge  the  o|icning  between 
the  antrum  and  the  middle  car  without  injuring  the  facial  nerve. 
Of  course,  thronghnnt  the  entire  procedure  the  face  should  Im* 
carefully  watched  for  any  evidences  of  mechanical  irritation 
of  the  facial  nerve  by  instruments.  In  addition  to  the  danger  of 
facial  paralysis,  the  operation  can  not  be  absolutely  free  from 
danger  to  life.  The  middle  cranial  fossa  occasionally  lies  so  low 
that  even  with  the  most  careful  use  of  the  chisel,  the  removal  r)f 
the  rrxif  of  the  meatus  will  cxjnise  the  dura.  This  has  happened 
to  me  in  fo'ir  cases.  In  two  of  these  instances  the  dura  itself 
was  woimded  by  a  spicule  of  bone,  and  on  carefully  intrndticing 
the  probe  for  purposes  of  exploration  the  probe  went  directly 
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into  the  cerebral  substance.    Both  of  these  cases  made  a  com- 
plete recovery. 

Another  accident  which  has  happened  in  my  own  case,  and 
to  at  least  two  of  my  colleagues,  has  been  the  accidental  ex- 
posure of  the  lateral  sinus,  where  this  vessel  lay  very  far  for- 
ward. It  would  even  be  possible  to  wound  the  lateral  sinus, 
during  the  operation,  where  this  vessel  was  greatly  misplaced, 
in  spite  of  the  greatest  care  on  the  part  of  the  operator.  While 
accidents  of  this  kind  must  be  exceedingly  rare,  their  occa- 
sional occurrence  can  not  be  entirely  avoided,  even  by  exer- 
cising the  greatest  care  in  technique.  The  surgeon  should 
always  remember,  therefore,  in  performing  this  operation,  that 
he  is  liable  to  expose  the  dura,  or  even  to  open  it,  even  in  the 
middle  cranial  fossa  or  over  the  lateral  sinus,  at  some  stage  of 
the  operation.  It  is  therefore  of  the  utmost  importance  that 
the  operation  be  conducted  with  the  greatest  attention  to  asep- 
tic technique.  In  those  cases  where  these  accidents  have  hap- 
pened in  my  own  practice,  I  have  attributed  the  recover)-  of 
my  patients  solely  and  entirely  to  the  fact  that  the  technique  of 
the  operation  was  as  perfect  as  I  could  make  it.  The  mere 
exposure  of  the  dura  in  the  middle  fossa,  or  the  exposure  of 
the  lateral  sinus  should  not  ordinarily  be  followed  by  any  symp- 
toms. As  soon  as  the  surgeon  discovers  that  the  cavity  of  the 
cranium  has  been  invaded,  he  should  pack  off  this  area,  using 
a  strip  of  iodoform  gauze  for  the  purpose,  so  as  to  completely 
isolate  the  part  exposed  from  the  operative  field;  he  may  then 
proceed  to  rapidly  remove  all  deeper  foci  of  purulent  infection 
by  the  free  use  of  the  curette  and  gouge,  so  as  to  prevent  sub- 
sequent infection  of  the  deeper  parts  from  the  original  focus 
of  suppuration.  Where  the  field  of  operation  is  so  contracted 
as  to  render  it  impossible  to  pack  ofT  the  dural  area  separately, 
care  must  be  taken  in  clearing  out  the  deeper  portion  of  the 
wound  to  sweep  all  of  the  detritus  downward  and  outward, 
rather  than  upward  and  outward,  in  which  latter  instance  it 
would  pass  directly  over  the  exposed  dura  and  be  liable  to 
infect  it.  In  those  cases  where  the  brain  substance  is  not 
wounded  or  the  sinus  opened,  the  mere  exposure  of  the  dura 
need  not  deter  the  surgeon  from  proceeding  in  the  ordinar)' 
manner — that  is,  the  cutaneous  flaps  may  be  formed  in  the 
usual  way,  sutured  in  position,  and  the  entire  posterior  wound 
closed  by  sutures.  In  packing  the  canal,  it  has  been  my  custom, 
excepting  in  those  cases  where  the  canal  was  so  narrow  as  to 
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render  it  impossible  to  pack  off  the  exposed  sinus  or  exposed 
dura  in  the  middle  fossa  separately  from  the  other  wound,  by 
introducing  a  separate  packing  over  the  dural  area,  so  as  to 
avoid  any  infection  of  the  meninges  or  of  the  sinus  from  the 
discharge  from  the  canal.  It  is  also  wise  in  these  cases  to  change 
the  dressing  every  second  day,  thus  keeping  the  parts  clean. 
Where  the  brain  substance  is  entered,  if  the  area  has  been  kept 
thoroughly  cleansed  prior  to  the  time  of  operation,  and  if  the 
operator  is  convinced  after  curettement  that  no  focus  of  infec- 
tion has  been  left,  he  may  then  close  the  wound  completely,  as 
above  described.  If  there  is  any  doubt  about  the  cleanliness 
of  the  wound,  however,  the  surgeon  will  do  well  to  pack  off  the 
site  of  the  dural  wound  separately,  and  to  defer  suturing  the 
posterior  wound  until  at  least  ten  days  after  the  primary  opera- 
tion, packing  the  parts  firmly  with  iodoform  gauze,  so  as  to 
guard  against  secondary  infection. 

Among  one  of  the  rarer  accidents  which  may  follow  the 
radical  procedure  is  an  extensive  perichondritis  of  the  auricle. 
This  occurred  in  one  of  my  cases,  from  no  assignable  cause. 
In  this  instance  the  perichondritis  was  very  extensive,  and  in 
spite  of  prompt  operative  interference  considerable  deformity 
of  the  external  ear  resulted.  A  similar  case  is  reported  by 
Politzer.* 

*  Lehrbnch  dei  Ohrcnheilkunde,  4th  ed.,  Stuttgart,  p.  46a. 
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Fig.  156. — Lateral  aspect  of  skull,  showing  Recd'ts  base  line.     This  is  a  boritonUl 
line  drawn  Troin  the  lower  margin  of  the  orbit  to  the  occipital  pratuberance. 
This  line  will  pass  through  (be  centre  of  the  external  audttoiy  meatus.     In  the 
figure,  the  line  is  divided  into  quarter  inches.     C,  A  point  one  indi  above  the 
centre  of  the  meatus,  the  site  of  election  for  entering  tbe  cranial  cavi^  for  ex- 
ploratory purposes.    I>,  A  point  an  inch  and  a  quarter  behind,  and  an  incfa  and 
a  quarter  above  a  horizontal  plane,  passing  through  the  centre  of  llie  adenul 
auditory  meatus  ;  this  is  the  point  usually  given  as  the  site  of  elecdon  la>  opot- 
ing  a  temporo-sphenoidal  abscess.     If  the  opening  into  the  cianM  cnkj  it 
made  at  the  point  C,  as  advised  in  the  text,  it  will  be  seen  that  ii  is  only  ncces- 
sary  to  enlace  the  opening  in  (he  bone  backward  in  order  to  reach  the  ponion 
of  the  temporo-sphenoidal  lobe  indicated  by  D.    £  is  a  point  on   Kccd'^  hose 
line,  seven  eighths  of  an  inch  behind  the  external  auditory  meatus.     This  point 
corresponds  to  the  knee  of  the  lateral  sinus  ;  the  knee  of  the  ainvs  moy  be  foniul 
in  front  of  this  point  or  sometimes  behind  it.     The  site  of  election  for  opening 
a  cerebellar  abscess  is  a  point  one  and  one  half  inches  behind  the  c^aire  of  the 
meatus,  measured  along  Reed's  base  line,  and  a  quarter  of  an  inch  below  this 
line.      F  in  the  figure  represents  a  point  two  and  a  half  Inches  behind  the 
centre  of  the  meatus  on  Reed's  base  line.    The  opening  maj  be  rkicnded  pos- 
teriorly toward  the  median  line,  as  far  as  the  point  J',  in  expiating  for  a  cerebel- 
lar abscess,     ji.  Fissure  of  Rolando.     This  fissnre  is  Joitnd  by  ilrawiug  n  line 
from  the  root  of  the  nose  over  (he  top  of  the  head  to  the  occipital  protubennci:. 
A  point  .557  of  the  distance  backward  on  this  line  is  then  .taken  ;  Ilii^  pojjit  cor- 
responds to  the  upper  end  of  the  Rolandic  fissure.    As  the  fissorc  eatends  diinn- 
ward  and  forward  at  an  angle  of  67°  with  thb  tine,  it  is  only  nrrrMaij  fo tafce a 
piece  of  paper  so  folded  as  to  make  an  angle  of  67',  and  applying  one  ride  tt 
the  triangle  to  the  line  already  drawn,  the  other  side  of  the  tfian^c  will  cor- 
rcs|>ond  to  the  fissure  of  Rolando.     This  fissure  is  about  three  and  a  half  indiei 
in  length.     B,  Fissure  of  Sylvius.     To  find  this  fissure,  draw  a  line  parallel  to 
Reed's  base  line  from  the  external  angular  process  of  the  frontal  bone.     Take  a 
point  one  and  one  quarter  inches  behind  the  external  angular  proc^  on  this 
line  and  a  quarter  of  an  inch  atiove  it     This  marks  the  anterior  extremity  of 
the  fissure.     Next  find  the  parietal  eminence  and  from  this  point  draw  a  line 
downward,  perpendicularly  to  Reed's  base  line.     On  this  line  mark  a  point 
three  quarters  of  an  inch  below  the  parietal  eminence ;  this  gives  the  second 
point.     A  line  drawn  from  the  anterior  extremity  of  the  fissure,  through  this 
second  point  and  extending  backward  for  four  inches,  will  maik  the  fissure  of 
Sylvius.    (Author's  specimen.) 


THE   SURGICAL   TREATMENT   OP    THE 

INTRACRANIAL    COMPLICATIONS 

OF  AURAL  SUPPURATION. 


When  it  has  been  decided  ihat  ihe  intracranial  structures 
are  involved  either  subsequent  to  an  operation  on  the  nias- 
toid  or  when  the  case  first  comes  under  oUservalion,  it  is  wise 
to  institute  surgical  measures  for  the  relief  of  the  condition. 
It  has  been  argued  tbat.  from  the  great  nmrlality  following 
such  measures,  they  are  not  jusliliablc;  but  when  we  remem- 
ber iliat  the  only  chance  of  relief  lies  in  surgical  interference, 
it  seems  wrong  to  refuse  the  patient  this  opportunity. 

In  purulent  meningitis  surgical  interference  offers  les.i 
promise  thau  in  epidural  or  cerebral  abscess,  or  in  sinus  thrnm- 
liosis.  when  promjit  action  on  the  part  of  the  surgeon  often 
saves  life.  It  is  only  when  unmistakable  symptoms  of  extensive 
meningiti.s  occur  that  we  sboidd  hesi  tale  in  performing  an  oper- 
ation in  any  of  these  cases. 

It  is  well,  in  undertaking  an  operation  for  the  relief  of  an 
intracranial  lesion  following  a  tnidellc-ear  inllammation.  to  re- 
member llie  advantage  of  having  the  opening  in  the  soft  parts 
sufTiciently  am[)tc  to  permit  of  extending  the  opening  in  the 
skull  in  varicnis  directions,  if  desirable,  without  enlarging  the 
cutaneous  incision. 

The  operator  may  wish  to  explore  the  middle  fossa,  the 
sinus,  and  tlie  cerebellum  at  the  same  operation,  and  to  expose 
each  of  these  areas,  as  a  separate  procedure  would  entail  the 
expenditure  nf  imicK  valuable  time.  It  is  wise,  ihercfore,  to 
expose  the  bony  surface  over  an  area  which  includes  the  vari- 
ous sites  of  election  for  entering  the  cavity  (I'^g-  '5''')-  The 
author  has  found  that  the  exposure  is  best  effected  by  the 
displarcnicnl  of  a  semicircular  flap,  as  shown  in  l*late  XIV. 
This  flap  is  formed  by  extending  the  incision,  made  at  the 
time  of  the  mastoid  operation,  forward  .above  the  zygoma  for 
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a  distance  of  an  inch  and  a  half.  From  the  middle  of  the 
original  mastoid  incision  an  incision  is  made  backward  to  the 
occipital  protuberance.  This  incision  is  slightly  cur\'ed,  the 
convexity  being  directed  upward.  II  the  soft  parts  are  now 
dissected  up,  a  large  flap  can  be  turned  down  upon  the  neck, 
exposing  the  surface  of  the  cranium.  The  flap  is  supplied  by 
the  vessels  which  enter  from  below,  and  the  danger  of  slough- 
ing is  avoided.  All  attached  muscles  are  divided  longitudi- 
nally, and  hence  their  action  is  in  no  way  destroyed. 

In  dissecting  up  this  flap,  the  periosteum  is  not  detached; 
this  is  undisturbed,  except  where  the  bony  wall  is  removed  to 
effect  an  entrance  to  the  cranial  cavity. 


ExPUJjLATiox  OF  Middle  Ckavial  Fossa.  Latekal  Sisus,  axd  Cekocllcm. 
LiCArioN  UP  IVTERNAi.  JucuLAit.    (Autbor's  dl£ie<(ion.] 
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SINUS   THROMBOSIS. 


Where  the  mastoid  has  been  previously  opened,  the  sim- 
plest means  of  exposing  the  lateral  sinus  is  to  remove  the  hone 
directly  behind  the  mastoid  anlmni  ami  perforate  the  skull  at 
a  point  about  seven  eighths  of  an  inch  bchinci  the  centre  of  the 
bony  meatus,  and  a  quarter  of  an  inch  above  a  liorizontal  plane 
passed  through  this  point.  In  other  words,  the  sinus  will  be 
exposed  by  perforating  the  sknll  :it  a  point  approximately  half 
an  inch  behind  the  posterior  margin  of  the  external  auditory 
meatus.  The  i)osition  of  the  sinus  varies  considerably  in  dif- 
ferent individuals,  but  it  is  seldom  placed  farther  backward  than 
this,  ahhough  occasionally  it  may  lie  three  quarters  of  an  inch 
behind  the  posterior  inai^in  of  the  osseous  meatus. 

Whenever  the  sinus  is  to  lie  explored,  too  much  attention 
can  not  be  paid  to  the  technique  of  the  operation.  The  sur- 
geon shoulcl  always  remend>cr  that  he  is  possibly  exposing  a 
healthy  blood  vessel  of  considerable  size,  and  that,  therefore, 
the  dangers  of  infection  are  many,  unless  perfect  asepsis  is 
observed.  If  the  mastoid  operation  has  been  done  at  the  same 
time,  it  is  well  to  have  all  instruments  rcstcrilizcd,  and  tlie  field 
of  operation  snrroimded  cither  by  dr>'  sterilized  towels  or  by 
fresh  towels  moistened  in  a  solution  of  bichloride  of  mercury 
of  a  strength  i-i.ooo;  the  hands  of  the  operator  and  those  of 
his  assistant  should  also  be  rccleansed  before  proceeding  with 
this  exploratory  operation. 

In  exposing  the  sinus  the  bone  may  be  removed  rapidly, 
as  there  is  very  little  danger  of  perforating  the  sinus  wall  by 
means  of  the  chisc!  or  gouge,  if  ordinary  care  is  used.  As  soon 
as  the  chisel  has  perforated  the  inner  table  and  the  dura  is 
exposed,  the  opening  should  lie  rapidly  enlarged  upward  and 
downward  by  means  of  the  rongeur  forceps.  Care  must,  of 
course,  be  taken  not  to  endanger  the  wall  of  the  sinus  by  the 
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use  of  this  inslniincnt.  'Iliis  warning  is  parlicwlariy  ncccsaij 
in  dealing  with  those  cases  where  the  sinus  wall  is  necrotic,  is 
here  even  a  slight  amount  of  violence  may  break  down  Ihcmli 
of  llie  blood  vessel.  It  is  sometimes  wise,  previous  to  intro- 
ducing the  rongeur  forceps,  to  pass  a  director  cautiously  bt- 
tweeii  the  dura  and  the  skull,  so  as  to  separate  the  <Iura  from  ilie 
Iione  and  allow  the  passage  of  the  lower  blade  of  the  rongeui 
into  the  cranial  cavity,  thus  euabliiig  the  sui^eon  to  enlarge  iIk 
opening  with  perfect  safety. 

In  exposing  the  sinus  for  purposes  of  exploration,  it  sIiotiH 
he  rcmcmberc*!  that  it  is  necessary  to  remove  llie  bony  ctivcrinff 
for  a  considerable  distance.    It  is  never  wise  to  assume  ibt 
the  sinus  has  been  properly  explored  ttnicss  it  has  been  uncov- 
ered for  a  distance  of  at  least  three  (juartcrs  of  an  inch,  and  it 
is  better  to  expose  it  over  a  lunger  rather  than  over  a  shorter 
length.    The  area  of  exploration  should  begin  at  that  pan  ol 
the  sinus  lying  just  behind  the  mastoid  antrum.    The  boneovw 
the  sigiTioid  groove  should  then  be  rcmovcil.  so  as  to  exi»sc 
the  knee  of  the  sinus,  and  as  far  down  toward  the  bulb  as  pos- 
sible.   It  is  no  easy  matter  to  determine  cither  by  inspection  or 
palpation  wheiber  or  not  the  vessel  is  perfectly  healthy.    Sonw 
infonnatioii  may  be  gained  by  taking  into  consideration  tbt 
rolor  of  the  thira.  the  presence  or  absence  of  pulsation  in  ihc 
sinus,  both  upon  inspection  and  palpation,  and  the  aspiration 
of  the  sinus  «»n  deep  inspiration.    On  palpation,  if  ihc  siniBii 
normal,  the  wall  of  the  vessel  feels  smooth  and  yielding  to 
the  touch,  distinct  pulsation  is  usually  fell;  by  mo<Icraic  pres- 
sure the  finger  is  .-ible  to  map  nut  somewhat  ronghly  the  Literal 
extent  of  the  venous  channel.     In  other  xvords,  the  normal 
sinus  feels  exactly  as  any  large  vein  would  feel  under  the  finger, 
its  flnid  contents  being  easily  expelle<l,  and  the  channel  filling 
rapidly  with  flnid  blood  as  soon  as  the  pressure  is  removcl 
Pressure  at  the  lower  part  of  the  sinus  will  cause  a  slight  dilata- 
tion of  that  portion  of  the  channel  above  the  pal[>altng  finger. 
In  spite  of  all  these  signs,  however,  it  is  entirely  possible  ihit 
a  small  clot  in  ilie  sinus  may  be  occasionally  overlooke<l.    H 
the  surgeon  is  in  the  least  doubt.  Ihercfore,  as  to  whether  or 
not  the  sinus  is  normal,  the  only  course  is  to  make  an  explora- 
tory incision. 

In  a  former  edition  I  advocated  puncture  of  the  sinus  »:il! 
for  exploratory  purpo.scs  by  means  of  ihe  aspirating  needle. 
Experience  has  taught  me  that  cxplorator)-  puncture  of  llie 
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sinus  is  absolutely  without  value,  as  a  parietal  clot  may  be 
punctured,  fluid  blood  may  be  withdrawn  by  the  aspirating 
needle,  and  the  operation  prove  entirely  useless,  therefore,  for 
exploratory  purposes.  The  only  way  of  determining  the  pres- 
ence of  a  clot  in  the  sinus  is  to  make  a  free  incision  in  the 
sinus  wall.  This  should  be  done  preferably  at  the  lower 
portion  of  the  exploratory  opening — that  is,  just  below  the 
knee  of  the  sinus.  The  vessel  should  be  compressed  by  the 
finger  atwve,  and  a  sharp  bistoiuy  made  to  divide  the  wall 
of  the  vein  longitudinally  for  a  distance  of  about  a  quarter  of 
an  inch.  If  free  haemorrhage  occurs  from  below,  the  finger 
should  be  placed  just  Iwlow  this  opening.  If  the  channel  is 
normal,  free  hemorrhage  will  then  occur  from  above.  The 
exploratory  operation  may  then  be  considered  as  having  re- 
vealed a  perfectly  normal  sinus.  A  strip  of  iodoform  gauze, 
one  extremity  of  which  has  been  folded  over  upon  itself  several 
times,  is  then  placed  over  the  opening  in  the  sinus,  and  the 
remainder  of  the  strip  of  gauze  is  packed  down  and  held  in 
position  by  the  finger  of  an  assistant.  In  this  manner  the 
IwDmorrhage  is  controlled.  If,  upon  making  an  incision  in 
the  lower  portion  of  tlic  sinus,  free  haemorrhage  does  not  occur, 
the  pressure  above  should  l>e  taken  off,  to  see  if  hemorrhage 
occurs  from  above.  The  absence  of  haemorrhage  in  either 
direction  indicates  the  presence  of  a  clot.  In  cases  where 
there  is  no  hemorrhage  upon  removing  all  pressure  after 
incision  of  the  sinus  wall,  the  incision  in  the  wall  should  be 
extended  upward  for  at  least  a  quarter  of  an  inch  more,  thus 
making  the  incision  in  the  wall  one  half  an  inch  long.  A  blunt 
curette  should  then  be  introduced  into  the  lumen  of  the  sinus, 
first  downward  toward  the  bulb,  and  the  clot  carefully  Intt 
thoroughly  removed.  The  curette  should  l>e  passed  well 
downward  into  the  bulb,  and  hemorrhage  from  below  secured, 
if  possible.  After  haemorrhage  from  below  has  been  estab- 
lished, it  should  be  controlled  by  a  pledget  of  gauze  packed 
over  the  lower  portion  of  the  opening  in  the  sinus,  in  the 
manner  already  described,  and  the  curette  should  then  Ije 
used  in  the  opposite  direction,  and  the  clot  broken  down 
until  free  hremorrhagc  results.  The  bleeding  should  be  con- 
trolled by  packing  between  the  sinus  and  the  skull  so  as  to 
obliterate  the  sinus. 

Tt  is  well  to  remember  here,  that  while  it  is  imperative  to 
establish,  if  possible,  free  liicmorrhage  from  below,  free  haemor- 
rhage from  above  is  not  so  important.    If  free  hemorrhage 
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from  below  does  not  occur,  it  indicates  that  the  clot  has  cxtcml- 
cd  downward  tlvrough  the  bulb  and  into  the  internal  jugular 
vein,  from  which  point  it  is  continually  infecting  the  general 
circulation  by  the  venous  tributaries  which  enter  the  internal 
jug^ular  litlow  the  base  of  the  skull  If.  however,  the  sinus  is 
complelely  plugged  at  the  bulb,  systemic  infection  can  scarcely 
take  ]>Iace  from  any  point  above  the  jugular  bulb,  consequently 
it  is  well  not  to  curette  out  the  npjier  portion  of  the  wound  too 
thoroughly  or  too  persistently.  If  there  is  a  soft  clot  in  this 
region  and  it  can  be  broken  down  easily  by  means  of  the 
curette,  free  luemorrhagc  being  established,  then  the  clot 
shoulil  1)0  broken  down.  If,  however,  the  clot  seems  ver)'  firm 
and  extensive,  it  is  quite  possible  that  it  may  extend  well  out 
toward  the  torcular.  and  that  its  upper  portion  may  be  non- 
infectious. It  would,  therefore,  be  unwise  to  disturb  such  a 
clot,  as  further  decomposition  would  probably  be  avoided  by 
properly  curetting  and  packing  the  sinus  wound  with  icKlolorm 
gauze.  Wliik  we  know  from  autopsies  that  infection  through 
the  opposite  veins,  through  the  torcular  Herophili,  docs  occur, 
such  cases  are  so  uncommon  as  to  warrant  their  being  practi- 
cally disregarded — certainly  at  the  time  of  primary  operation, 
and  the  aim  of  the  surgeon  should  be  to  prevent  infection  from 
the  sinus  through  the  jugular  of  the  same  side. 

In  cases  where  there  is  evidence  of  profound  systemic  infec- 
tion, the  surgeon  should  remember  that  the  mere  fact  tliat  free 
haemorrhage  occurs  from  below  after  opening  the  sinus  does 
not  indicate  necessarily  that  the  jugular  has  not  been  involved. 
As  the  channel  through  which  infection  of  remote  parts  of  the 
bexly  occurs  is  a  continuation  of  the  lateral  sinus — that  is,  the 
intenial  jugular  vein — it  often  becomes  necessary  to  cut  off 
this  large  afferent  channel  in  order  to  prevent  the  further  ab- 
sorption of  septic  material.  If  the  rase  has  been  under  obser- 
vation for  some  time,  it  is  possible  that  the  surgeon  may  make 
a  diagnosis  of  extension  of  the  thrombus  into  the  internal  ju- 
gular. Such  a  diagnosis  would  depend  upon  great  temperature 
fluctuations — that  is,  a  temperature  rising  suddenly  to  105°  or 
106",  and  then  falling  spontaneously  in  a  few  hours  to  normal 
or  subnormal.  In  addition  to  1his  symptom,  there  would  be 
other  evidences  of  poisoning,  such  as  asthenia,  emaciation,  and 
profuse  perspiration.  Locally,  it  is  sometimes  possible,  in  cases 
where  the  clot  has  extended  into  the  internal  jugtilar  vein,  to 
make  out,  upon  palpating  the  neck,  a  tense,  cord-like  band  fol- 
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lowing  the  course  of  the  internal  jugular.  Many  authors  seem 
to  lay  considerable  stress  upon  this  point;  personally,  I  have 
never  observed  this  physical  sign.  We  must  remember  that 
the  upper  portion  of  tlie  internal  jugular  vein  hcs  deeply,  the 
vessel  being  covered  by  the  digastric  muscle,  deep  cervical 
fascia,  the  parotid  gland,  the  platysma,  and  the  integument. 
Hearing  in  mind  the  fact  that  the  deep  lymphatic  channels  of 
the  neck,  like  the  deep  cervical  fascia,  follow  tlic  general  course 
of  the  vessels,  and  remembering  how  quickly  these  glands  be- 
come involved  whenever  any  sc|itic  process  occurs  in  the  adja- 
cent regitin,  it  is  at  once  evident  that  a  thrombus  in  the  internal 
jugular  may  hanlly  be  recognized  by  palpating  the  neck  until 
this  ihroinhus  had  extended  well  down  the  lumen  of  the  vein; 
certainly,  below  the  level  of  the  larynx.  In  a  number  of  my 
own  cases  there  has  been  a  Iiard,  brawny  swelling  in  the  region 
of  the  parotid  gland  and  along  the  anterior  border  of  the  sterno- 
mastoid  muscle.  In  some  cases  I  have  been  able  to  detect  a 
tender  point  just  at  the  anterior  borrler  of  the  muscle  and  just 
■behind  and  above  the  angle  of  the  jaw.  The  cord-like  feeling, 
liowcvcr,  which  is  said  to  be  indicative  of  the  presence  of  the 
thrombus  in  the  internal  jugular  vein.  I  have  never  observed. 
General  tumefaction,  tlieu,  and  a  tenderness  along  the  anterior 
border  of  the  stemo-niastoid  muscle,  together  with  great  fluc- 
tuations in  temperature,  would  lead  the  surgeon  to  suspect  in 
any  given  case  of  purulent  otitis,  with  or  without  mastoid  in- 
volvement, that  the  infecting  process  bad  possibly  extended 
from  the  sinus  into  the  vein.  I  believe,  however,  that  an  abso- 
lutely certain  diagnosis  can  only  be  inatle  at  the  time  of  opera- 
tion. If,  when  the  lateral  sinus  is  explored  in  the  manner 
detailed  in  the  preceding  pages,  free  hemorrhage  does  not 
occur  from  below,  or  even  if  there  is  considerable  h-xmor- 
Thagc  from  the  lower  end  of  the  veir,  if  the  surgeon  finds  the 
tissues  just  behind  the  angle  of  the  jaw  bm^\^ly  and  evidently 
infected,  and  if  the  fluctuations  in  the  teniperattne  have  been 
well  marked,  he  should  not  be  content  whh  clearing  out  the 
thrombus  from  the  lateral  sinus  alone,  but  stiould  immeiliately 
proceed  to  cut  off  the  return  circulation  through  the  internal 
jugular  vein.  Ballauce  was  the  first  to  recognize  the  impor- 
tance of  this  procedure.  But  in  the  earlier  operations  a  liga- 
ture was  Bim[)ly  applied  to  the  vein  below  the  point  at  which 
^■the  thrombus  was  found.  In  some  instances,  the  vein  was 
opened  and  the  blood  cliannel  washed  out  with  an  antiseptic 
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solution  injected  upward  until  tlie  solution  flowed  out  through 
the  opening  in  the  lateral  sinus  above.  For  a  number  of  years 
surgeons  have  pursued  the  plan  of  completely  excising  the  in- 
fected vein.  The  operation  is  best  perfomied  as  follows:  After 
the  sinus  has  been  explored  and  curetted,  in  the  manner  already 
described,  tlic  shoulders  of  the  patient  are  elevated  upon  a 
pillow,  thus  rendering  the  stemo-niastoid  muscle  tense.  The 
neck  is  then  cle:insi'd  from  the  davicle  to  the  mastoid,  the 
tissues  being  manipulated  very  carcfiiily  in  order  to  prevent 
the  breaking  down  of  any  clot  which  may  be  present  in  the 
jugular  and  the  detachment  of  an  cmljoUis  from  any  thrombiis 
which  may  lie  in  the  vein.  An  incision  is  then  made  from  the 
sternal  attachment  of  the  stemo-niastoid  muscle  upward  to  the 
tip  of  the  mastoi<l,  the  incision  following  the  anterior  border 
of  the  slerno-cleido-mastoid  muscle.  The  inlegiiment  is  first 
divided,  and  the  surgeon  then  observes  the  oblique  fibres  of 
the  platysnia.  The  plaiysma  varies  in  thickness  considerably 
in  different  individuals.  .\l  the  lower  part  of  the  neck  the 
muscle  is  very  thin,  while  above  it  may  he  quite  thick.  As 
soon  as  the  intcginiicnt  and  the  plntysma  arc  divided,  the  ante- 
rior border  of  the  stcmo-mastoid  muscle  comes  into  view.  Bj* 
means  of  retractors,  the  margins  of  the  wound  arc  sci>arate(l, 
the  stenio-'mastoid  being  pulled  backward.  T\ie  deep  fascia 
of  the  neck  is  then  seen,  aiirj  up<in  opening  this  the  sheath  of  the 
vessels  is  found  to  lie  inmiediatcly  Iieneath  the  anterior  border 
of  the  rmisele.  The  cfinimon  sheath  of  the  vessels,  it  will  he 
remcniliercd,  contains  the  common  can)tid  nrtcrj',  the  intcnial 
jugular  vein,  and  the  pnenmogastric  ncr^c.  The  vein  always 
lies  to  the  outer  side  of  the  artery,  low  down  in  the  neck,  lying 
somewhat  in  front  and  to  the  outer  side,  wliile  higher  up  in 
the  neck  it  crosses  the  carrjtid  just  about  at  the  point  of  bifur- 
cation of  this  vessel  into  the  extemal  and  internal  carotid  arter- 
ies. It  then  follows  the  course  of  the  intenial  carotid  arterj". 
and  at  the  base  of  the  skull  lies  on  the  outer  side  and  slightly 
behind  this  vessel.  The  pneuniogaslrie  ner\'e  lies  between  the 
vein  and  the  internal  carotid  above  and  iiclwcen  the  vein  and 
the  common  carotid  below.  It  also  lies  a  Uttle  behind  these 
vessels.  .After  ihe  sheath  of  the  vessels  has  been  opened,  the 
vein  is  easily  recogni/ed  by  its  dark-bluish  color.  Firm  pres- 
sure at  ihe  root  of  the  neck  will  cause  the  vein  to  fill  with  blood. 
anfl  it  can  thus  be  more  easily  recognized.  Tlie  first  step  of 
the  operation  is  to  clear  the  vein  as  thoroughly  as  (lossiblc 
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from  the  slieaib.  Tliis  is  best  done  by  some  blunt  instrument, 
such  as  the  hamlle  o£  the  scalpel  or  the  closeil  blatles  of  a 
jwir  of  blunt-iioinled  scissors,  the  connective  tissue  overlying 
the  vein  Ijcing  raised  cautiously  by  a  ]iair  uf  furceps  and  torn 
along  the  axis  of  the  vessel  by  mcmis  of  the  hlinit  scissors  or 
by  means  of  a  director;  care  is  necessary  in  order  to  thoroughly 
separate  the  vessel  from  the  pncumo^astric  nerve.  Although 
the  ncfA'C  lies  Iwhind  the  vessel,  it  is  sometimes  adherent  to  the 
sheath  of  tbe  internal  jugtilar.  Unless  care  is  taken  to  recog- 
nize the  nerve  at  the  time  of  the  dissectioji,  it  may  be  included 
in  a  ligature  passed  around  tbe  vein.  Tlie  vein  is  best  cleared 
by  dissccliug  alurig  its  posterior  and  pnslero-internal  asi)ect. 
All  of  tbe  tributary  vessels  conie  off  frmn  the  anterior  aspect 
of  the  vein  and  practically  no  tribntancs  are  met  if  tbe  dissec- 
tion is  carric<I  along  the  jwsterior  wall.  The  vein  should  be 
exposed  sufficiently  low  down  in  the  neck  so  that  two  ligatures 
may  be  passed  about  it,  below  the  point  to  which  the  clot  ex- 
tends. In  stjnic  cases,  \  have  followed  the  vein  almost  to  the 
Innoniinale.  .After  the  vein  has  been  thoroughly  exposed,  two 
ligatures  are  passed  abtjut  the  vessel  as  low  down  in  tlic  neck 
as  necessary.  These  ligatures  are  tied,  and  t!ie  vein  is  divided 
between  tbcin.  The  entire  vein  is  tbcii  carefully  dissected  out, 
all  tributary  branches  being  dividetl  between  two  ligatures  as 
the  dissection  is  continued  from  below  upward.  The  nnuiber 
of  tributaries  requiring  ligjition  will  vary  in  individual  cases. 
The  branch  which  always  requires  ligation  is  the  common  trunk 
of  the  temporal  and  facial  veins  which  joins  the  iiuernal  jugular 
at  a  [wint  just  about  the  level  of  the  hyitid  bone.  Ocaisionally 
the  thyroid  and  laryngeal  branches  must  be  divided  Iwtwecn  two 
ligatures  as  we  proceed  from  Ik-Uivv  upward  before  this  large 
trunk  is  reached.  In  many  instances,  however,  the  thyroid, 
laryngeal,  and  lingual  branches  are  so  small  as  to  entirely  es- 
cape observation.  When  the  commnn  trunk  of  the  lingual,  tem- 
poral, and  facial  is  reached,  care  nnisl  l)e  taken  to  separate  tliis 
trunk  cautiously  from  the  underlying  tissues  and  to  divide  It  be- 
tween twit  ligatures.  In  two  of  my  cases  I  have  found  a  clot 
in  the  internal  jugidar  cxtcn<ling  down  as  far  as  the  [KiiiU  where 
the  facial  vein  joins  the  internal  jugular  ami  systemic  infection 
was  undoubtedly  occasioned  by  the  carrying  into  the  general 
circulation  of  portions  of  this  clot  by  the  blood  current  entering 
the  jugular  through  the  facial  and  temporal  veins.  This  large 
braneli  must  therefore  be  carefully  secured  and  divided  between 
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two  ligatures.  The  internal  ju^lar  is  then  followed  upward 
;is  high  as  ix^ssilile,  is  siirrfiumled  by  Iwo  llBnlurcs  and  divided 
lietwecn  ihem.  As  Ihc  common  liunk  of  the  IcmiJoral  am] 
facial  vein  is  tlic  hist  large  branch  given  off  frrjm  the  vein,  it  is 
not  necessary  tn  fnllow  the  vessel  completely  to  the  base  of  the 
skull.  It  may  Ik  diviclctl  with  perfect  safety  at  a  point  three 
quarters  of  an  inch  alxivc  where  the  facial  vein  enters  the  in- 
ternal jugular.  I  do  not  think  it  advisable  to  attempt  to  wasli 
out  any  clot  which  may  be  present  by  the  injection  of  fluid  into 
the  upper  extremity  of  the  vein.  The  small  segment  of  ves- 
sel lying  between  tlie  jjoiut  nf  ligation  and  the  opening  in  Ihe 
lateral  sinus  can  scarcely  afforil  any  opportunity  for  systemic 
infection.  I  believe  there  is  much  more  danger  of  forcing  sqi- 
tic  material  into  the  general  circulation  Ibrough  the  inferior 
jK-'trosal  siiuis  if  fluid  is  injtcteti  into  the  upiKr  iK>rti<>n  of  the 
vein,  than  if  the  operation  is  terminated  simply  by  a  ligation  of 
the  vessel.  After  the  operation  has  been  concKulciI  the  wound 
in  the  neck  should  Ix*  flushed  with  a  warm  saline  solution,  and  the 
margins  of  the  wound  united  by  means  of  intcrnipted  sutures, 
Iireferably  of  silk.  The  upper  angle  of  the  wound  should  be 
left  open  and  a  packing  of  iodoform  gauze  inserted.  The  open- 
ing made  in  the  sinus  at  the  early  part  of  the  operation  shouW 
then  recdve  attention.  A  strip  of  iodoform  gauze  should  be 
inserted  at  the  upper  angle  of  the  wound  between  the  sinus 
and  its  bony  covering,  thus  occluding  the  sinus  at  this  point. 
The  lower  extremity  of  the  sinus  wound  may  be  packed  with 
iotloform  gauze  inserted  directly  into  the  sinus.  If  the  upper 
extremity  of  the  sinus  wound  is  not  treated  in  this  manner, 
persistent  haemorrhage  is  apt  to  follow  upon  the  removal  of 
the  packing.  The  procedure  described  obliterates  the  upper 
portion  of  the  sinus  by  obliteration  of  its  lumen.  The  entire 
mastoid  wound  should  then  lie  dressed  in  the  usual  way, 
care  being  taken  to  separate  the  mastoid  antrum  from  the 
open  sinus  by  means  of  gauze  packing.  Out  of  fifty-seven 
cases  operated  on  forty  were  cured  and  seventeen  died.  The 
causes  of  death  were  as  follows:  one  of  haemorrhage  into 
the  spinal  canal,  one  of  pyaemia  {\tLtQ  operation),  three  of 
pneimionia  beginning  before  operation,  one  of  diabetes,  one 
of  gangrene  of  the  lung,  one  of  gangrene  of  the  nock,  and  one 
of  malnutrition.  In  eight  cases  the  cause  of  death  was  not 
recorded. 
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OTITIC    MENINGITIS. 


In  instituting  operative  procedures  for  a  meningitis,  the 
rational  syminoms  seldom  aid  ns  in  deciding  upon  the  area 
involveil,  as  these  cases  nsiially  present  themselves  to  the  annil 
surgeon  after  the  mastoid  cells  have  heeii  thoroughly  ohlitcr- 
aled  and  all  foci  of  diseased  bone  about  the  middle  ear  removed. 
In  cases  which  come  under  obser\-atioii  late,  and  where  the 
mastoid  has  not  been  operated  upon,  this  operation  should  con- 
stitute the  initial  step  of  the  procedure.  If  the  dura  is  exposed 
either  by  caries  of  the  tympatiic  root  or  of  the  inner  table  of 
the  skull  over  the  lateral  simis,  any  evidences  ot  incnin^itis 
which  may  he  present  will  be  iliscovcred  at  the  time  of  the  pri- 
mary operation.  In  the  absence  of  any  evidence  of  discjise  of 
the  flura  in  these  localities,  or  where  the  dnra  has  not  been  ex- 
posed at  the  time  of  the  mastoid  operation  and  where  the  symp- 
toms of  meningitis  develop,  the  surgeon  should  do  an  explora- 
tory craniotomy,  entering  the  skull  just  above  the  external 
auditory  meatus.  This  is  best  done  by  divifting  the  soft  ]>arts 
by  means  of  a  curved  incision  from  a  point  one  half  inch  behind 
the  posterior  bonier  of  the  meatus,  extending  it  upward  over 
the  top  of  the  car  to  a  point  one  inch  and  a  half  above  the 
superior  margin  of  the  auricle,  and  then  cur%'ing  downward 
and  forward  to  a  pr»int  one  half  inch  behind  the  external  angu- 
lar process  of  the  frontal  Iwnc.  All  the  structures  arc  divided 
down  to  the  bone,  bleeding  points  secured  l>y  means  of  clamps, 
and  the  lower  flap,  including  the  auricle,  pushed  downward  by 
means  of  the  periosteal  elevator,  so  as  to  hare  the  skull  thniugh- 
out  the  entire  extent  of  the  cutaneous  incision.  If  more  room 
is  needed,  the  upper  flap  may  also  be  elevated  by  means  of  the 
periosteal  elevator.  The  skull  is  then  opened  by  means  of  the 
chisel  about  half  an  inch  above  and  a  quarter  of  an  inch  in 
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front  of  the  centre  of  the  external  auditor)'  canal,  this  being  the 
thtinicst  part  of  llic  S()uamous  plate,  and  therefore  a  region  at 
which  the  cranial  cavity  can  be  most  easily  oi>cncd.  As  soon  as 
the  opening  has  been  m;i(le  in  ihc  skiill,  this  opciiin^^  is  rapidly 
enlarged  upward,  h;ick'\v;iril.  and  tlownward  hy  means  of  the 
rongeur  forceps  until  the  opening  measures  at  least  one  inch  in 
the  vertical  dJametci'  and  one  and  a  quarter  inches  in  the  longi- 
tudinal ih'nnieter.  The  bone  is  removed  below  sufficiently  to 
allow  the  director  or  a  flat,  narrow  retractor  to  be  passed  along 
the  roof  of  the  tympanum  as  far  almost  as  the  apex  of  the 
pjTamid.  In  some  cases  the  finger  can  be  introduced  although 
this  frequently  is  not  possible,  owing  to  adhesions.  Several 
cases  have  come  Tmcler  my  observation  where  a  complete 
mastoid  operation  with  this  free  exposure  of  dura  has  been 
sufficient  to  effect  a  cure  without  other  interference.  If  the 
dura  is  found  involved— and  frequently  this  is  the  only 
condition  we  find— it  is  well  to  turn  down  a  dural  flap.  In 
order  to  effect  this  a  curved  incision  is  made  through  the  dura 
from  in  front  upward  and  backward,  so  as  to  leave  the  dural 
flap  attached  below.  This  flap  is  turned  down  and  the  sur- 
face of  the  brain  exposed.  In  cases  of  advanced  meningitis 
we  find  the  pia  very  much  injected  and  considerable  fluid  in 
the  arachnoid  space.  We  find  reports  of  a  number  of  cases  in 
which  the  exposure  of  the  dura  and  the  incision  of  this  mem- 
brane have  been  followed  by  complete  recovery.  This  measure 
is.  therefore,  advised  by  Boenninghaus.* 

Where  the  brain  sub.stance  bulges  through  the  dural  wounil. 
it  is  always  wise  to  make  an  incision  throiigh  the  brain  sub- 
stance into  the  lateral  ventricle,  so  as  to  relieve  any  accumula- 
tion ol  lluid  which  may  be  present.  It  will  be  remembered,  in 
speaking  of  serous  meningitis,  that  one  of  the  forms  of  this 
ili.seasc  is  (,-haracterize<l  by  an  accumulation  of  fluid  in  the  lateral 
ventricles.  Tlie  evacuation  of  this  fluid  by  incision  through 
the  brain  sut)stancc  is  by  no  means  new,  having  been  advocated 
a  number  of  years  ago  for  the  relief  of  chronic  hydroccjihaliis 
in  infants.  In  cases  of  acute  serous  meningitis,  however, 
dependent  upon  a  middle-car  suppuration,  this  procedure  is 
certainly  indicated  as  a  means  of  relieving  the  intracranial 
pressure. 

In  order  to  enter  the  lateral  ventricle,  in  the  region  above 

*  Ucolagitb  acrau  menu,  WicUndcn,  1S97.  p.  65. 
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described,  either  a  large  aspirating  needle  attached  to  a 
syrin>{e,  or,  preferably,  a  narrow,  straight  knife,  sharp- pointed, 
should  be  introduced  into  the  brain  substance,  forward  and 
inward  and  sliphtly  upward,  for  a  distance  of  about  one  and 
three  quarters  to  two  and  one-half  inches.  In  case  the  ven- 
tricles are  filled  with  fluid,  as  the  result  of  a  meningitis,  fluid 
will  be  obtained  before  the  knife  has  entered  this  distance, 
owing  to  the  fact  that  the  cavity  of  the  ventricle  is  much 
dilated  by  the  presence  of  the  serum.  If  an  excess  of  ventricu- 
lar fluid  is  found,  it  is  well  to  insert  a  strip  of  sterile  rubber 
tissue  into  the  cavity  in  order  to  secure  drainage.  Some 
authors  prefer  to  simply  remove  the  fluid  from  the  ventricle 
by  tapping  with  a  large  needle,  instead  of  evaaiating  it  by 
free  incision.  Since  infection  of  the  meninges  frequently 
occurs  through  a  previous  infection  of  the  labyrinth,  the 
infection  following  the  course  of  the  auditory  nerve  tnmk 
through  the  internal  auditory-  meatus,  Neumann  has  advised 
the  exposure  of  the  internal  auditory  meatus  and  incision  of 
the  dura  in  this  neighlx)rIiood.  In  this  procedure  the  laby- 
rinth is  first  extirpated  by  the  Neumann  method,  (See  plate 
xvii.)  The  dura  is  then  exposed  deejjly  Ixnieath  the  vestibule 
by  carefully  removing  the  bone  until  the  internal  auditory 
meatus  is  reached  when  the  dura  is  incised  and  a  folded  rubber 
drain  inserted,  in  order  to  render  this  drainage  more  com- 
plete, the  author  has  insisted  in  these  cases  upon  the  complete 
removal  of  the  superior  semtcircidar  canal.  This  exposes  the 
internal  auditory  meatus  perfectly  not  only  posteriorly,  but 
also  superiorly,  and  admits  of  a  fri^  incision  of  the  dura.  The 
author  has  had  only  very  indifferent  success  in  following  this 
procedure. 

Another  method  of  treating  this  condition  is  by  lumbar 
puncture,  first  advised  by  Quincke.  This  consists  in  entering 
the  spinal  canal  either  between  the  fourth  and  fifth  lumbar 
vertebne,  or  between  the  fifth  lumbar  and  first  sacral  verte- 
bra;. The  procedure  is  not  very  painful,  and  can  be  performed 
without  the  induction  of  local  anaesthesia.  In  nervous  patients 
it  is  wise  to  anaesthetize  the  operative  field  either  by  the  sub- 
cutaneous injection  of  a  few  minims  of  a  sterili'/ed  four-per- 
cent solution  of  cocaine,  or  by  freezing  the  parts  with  a  spray 
of  ethyl  chloride.  In  order  to  perform  this  operation,  the 
back  of  the  patient  should  be  sterilJKcd  for  a  distance  of  four 
inches  on  each  side  of  the  median  line,  from  a  point,  just  below 


574 


SINUS  THROMBOSIS. 


from  below  does  not  occur,  it  indicates  that  the  clot  has  extend- 
ed tlownvvanl  through  tlie  bulb  and  into  the  internal  jugular 
vein,  from  which  point  it  is  continually  infecting  the  general 
circulation  by  the  venous  tributaries  which  enter  the  internal 
jugular  below  the  base  oi  the  skull.  If,  however,  the  sinus  is 
completely  plugged  at  the  bulb,  systemic  infection  can  scarcely 
take  place  from  nny  point  above  the  jugular  bulb,  consequently 
it  is  well  not  to  curette  out  the  upjier  portion  of  the  wound  too 
thoroughly  or  too  persistently.  If  there  is  a  soft  clot  in  this 
region  and  it  can  be  broken  down  easily  by  means  of  the 
curette,  free  hxmorrhagc  being  established,  then  the  clot 
should  be  broken  down.  If,  however,  the  clot  seems  ver\'  firm 
and  extensive,  it  is  quite  possible  that  it  may  extend  well  out 
toward  the  torcutar,  and  that  its  upper  portion  may  be  noo* 
infectious.  It  would,  therefore,  be  unwise  to  disturb  such  a 
clot,  as  further  decomposition  would  probably  he  avoided  by 
properly  curetting  and  packing  the  sinus  wound  with  iodoform 
gauze.  While  we  know  from  autopsies  that  infection  through 
the  opposite  veins,  through  the  torcular  Hcrophili.  does  occur, 
such  cases  are  so  uncommon  as  to  warrant  their  being  practi- 
cally disregarded — certainly  at  the  time  of  primary*  operation, 
and  the  aim  of  the  surgeon  should  be  to  prevent  infection  from 
the  sinus  througii  the  jugular  of  the  same  side. 

In  cases  where  there  is  evidence  of  profound  systemic  infec- 
tion, the  surgeon  should  renicmbcr  that  the  mere  fact  thai  free 
ha-morrhage  occurs  from  below  after  opening  the  sinus  does 
not  indicate  necessarily  that  the  jugular  has  not  been  involved. 
As  the  channel  through  which  infection  of  remote  parts  of  the 
body  occurs  is  a  continuation  of  the  lateral  sinus — that  is,  the 
internal  jugular  vein — it  often  becomes  necessary  to  cut  off 
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this  targe  afferent  channel  in  order  to  prevent  the  further  ab-  I 

sorption  of  septic  material.    If  the  case  has  been  under  obser-  I 

vation  for  some  time,  it  is  possible  that  the  surgeon  may  make  ■ 

a  diagnosis  of  extension  of  the  thrombus  into  the  internal  jn-  | 


gutar.  Such  a  diagnosis  would  depend  upon  great  temperature 
fluctuations — that  is,  a  temperature  rising  suddenly  to  lOS**  or 
106°,  and  then  falling  spontaneously  in  a  few  hours  to  normal 
or  subnormal.  In  addition  to  (his  symptom,  there  would  be 
other  evidences  of  poisoning,  such  as  asthenia,  emaciation,  and  - 
profuse  perspiration.  Locally,  it  is  sometimes  possible,  in  cases  f 
where  the  clot  has  extended  into  the  internal  jugular  vein,  to 
make  out,  upon  palpating  the  neck,  a  tense,  cord-like  band  fol- 
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lowing  the  course  of  the  internal  jugular.  Many  authors  seem 
lo  lay  considerable  stress  upon  this  point;  personally,  I  have 
never  observed  this  physical  sign.  We  must  remember  that 
the  upper  portion  of  tlic  internal  jugular  vein  lies  deeply,  the 
vessel  being  covered  by  the  digastric  muscle,  deep  cervical 
fascia,  the  parotid  gland,  the  platysma,  and  the  integument. 
Bearing  in  mind  the  fact  that  the  deep  lymphatic  channels  of 
the  neck,  Mke  the  deep  cervical  fascia,  follow  the  general  course 
of  the  vessels,  and  remembering  how  quickly  these  glands  be- 
come involved  whenever  any  septic  process  occurs  in  the  adja- 
cent region,  it  is  nt  once  evident  that  a  thrombus  in  the  internal 
jugular  may  hardly  he  recognized  by  palpating  the  neck  until 
this  thrmnlius  had  extended  well  down  the  lumen  of  ihc  vein; 
certainly,  below  the  level  of  the  larynx.  In  a  number  of  my 
own  cases  there  has  been  a  hard,  brawny  swelling  in  the  region 
of  the  i>arotid  gland  and  along  the  anterior  border  of  the  stemo- 
niastoid  muscle.  In  some  cases  I  have  been  able  to  detect  a 
tender  point  jnst  at  the  anterior  border  of  the  muscle  and  just 
beliind  antl  above  the  angle  of  the  jaw.  The  cord-like  feeling, 
however,  which  is  said  to  be  indicative  of  the  presence  of  the 
thrombus  in  the  internal  jugular  vein.  I  have  never  obscired. 
General  Inmefaction.  then,  and  a  tenderness  along  the  anterior 
border  of  the  stcmo-mastoid  muscle,  together  with  great  fluc- 
tuations in  temperature,  would  lead  the  surgeon  to  suspect  in 
any  given  case  of  purulent  otitis,  with  or  without  mastoiil  in- 
volvement, that  the  infecting  process  had  possibly  extendetl 
from  the  sinus  into  the  vein.  I  believe,  however,  that  an  abso- 
lutely certain  diagnosis  can  only  be  made  at  the  lime  of  opera- 
tion. If.  when  the  lateral  sinus  is  explored  in  the  manner 
detailed  in  the  preceding  pages,  free  h.'cmorrhage  does  not 
occur  from  below,  or  even  if  there  is  considerable  hsrmor- 
rhagc  from  the  lower  end  of  the  vein,  if  the  surgeon  finds  the 
tissues  just  liehind  the  angle  of  the  jaw  brawny  and  evidently 
infected,  and  if  the  fluctuations  in  the  teniperalure  have  been 
well  marked,  he  should  not  be  content  with  clearing  out  the 
lliromlius  from  Ihc  lateral  sinus  alone,  hut  should  immediately 
procecrl  to  cut  off  the  return  circtitation  through  the  intcnial 
jugular  vein.  Hallance  was  the  first  to  recognize  the  impor- 
tance of  this  procc<Uire.  But  in  the  earlier  operations  a  liga- 
ture was  simply  ajiplied  to  the  vein  below  the  point  at  which 
the  thrnmhus  wa.s  found.  In  some  instances,  the  vein  was 
opened  and  the  blood  channel  washed  out  with  an  antiseptic 
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solution  injected  upward  until  itie  solution  flowed  out  through 
the  opening  in  the  lateral  sinus  above.    For  a  number  of  yean 
surgeons  have  pursued  the  plan  of  completely  excising  the  in- 
fected vein.    The  operation  is  best  performed  as  follo^-s:  After 
the  sinus  has  been  expIorc<l  and  curetted,  in  the  manner  alreaJy 
described,  the  shoulders  of  the  patient  are  elevated  ujion  i 
pillow,  thus  rendering  the  stemo-mastoid  muscle  tense.    Tie 
neck  is  then  cleansed  from  the  clavicle  to  the  mastoid,  the 
tissues  being  manipulated  very  carefully  in  order  to  prmxnl 
the  breaking  down  of  any  clot  which  may  be  present  iii  ilic 
jugular  and  the  detachment  of  an  embolus  from  any  thrombus 
which  may  lie  in  the  vein.    An  incision  is  then  made  from  the 
sternal  attachment  of  the  stcrno-mastoid  muscle  upn-ant  to  the 
tip  of  the  mastoid,  the  incision  followinjj  the  anterior  Iwfkr 
of  the  stemo-cleido-mastoid  muscle.    The  integument  is  first 
divided,  and  the  surgeon  then  observes  the  oblique  6bres  of 
the  platysma.    The  platysma  varies  in  thickness  consiclcn% 
in  different  Individuals.     .\t  the  lower  part  of  the  nccV  the 
muscle  is  very  thin,  while  above  it  may  be  quite  thick.   As 
soon  as  the  integument  and  the  platysma  are  divided,  the  ante- 
rior border  of  the  stenio-mastoid  mu.sclc  come.s  into  view.   By 
means  of  retractors,  the  margins  of  the  wound  are  sepvatei 
the  sterno-mastoid  being  pulled  backward.     The  deep  fasda 
of  the  neck  is  then  seen,  an<l  upon  opening  this  the  sheatliottlie 
vessels  is  found  to  He  immediately  beneath  the  anterior  bonier 
of  tlie  muscle.    The  connnon  sheath  of  the  vessels,  it  will  be 
remembered,  contains  the  romnion  carotid  arterj-,  the  intern^ 
jugular  vein,  and  the  pncumngastric  nerve.    The  vein  alwa« 
lies  to  the  outer  .side  of  the  artery,  low  down  in  the  neck,  lying 
somewhat  in  front  and  to  the  outer  side,  wlulc  higher  up  in 
the  neck  it  crosses  the  carotid  just  about  at  the  point  of  bifur- 
cation of  tliis  vessel  into  the  exiomal  and  internal  carotid  arter- 
ies,    tl  llifi)  follows  the  c(juT.sc  of  the  internal  carotid  aneiy, 
and  at  the  base  of  the  skull  lies  on  the  outer  side  and  slightly 
bcliintl  this  vessel.    The  pncumogastric  ncr\x  lies  between  the 
vein  and  the  internal  carotid  above  and  Ijetwcen  the  vein  and 
the  common  carotid  below.     It  also  lies  a  little  behind  these 
vessels.    .Mtcr  the  sheath  of  the  vessels  has  been  opened,  the 
vein  is  easily  rcengnized  by  its  dark-bUiisb  color.     Firm  pre^ 
sure  at  the  root  of  the  neck  will  cause  the  vein  to  fill  with  bkwd, 
and  it  can  thus  be  more  easily  recognized,    Tlie  first  step  of 
the  operation  is  to  clear  the  vein  as  thorougldy  as  jwssible 
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from  the  sheaih.  Tliis  is  best  done  by  some  blunt  instrument, 
such  as  the  batnlle  of  tlic  scalpel  or  the  closed  blades  of  a 
pair  of  blunt-iKiiiUed  scissors,  tlie  coinieclive  tissue  overlying 
the  vein  being  raised  cautiously  by  a  jjEiir  of  forcejis  and  lorn 
along  ihc  axis  of  the  vcssd  by  means  of  the  blum  scissors  or 
by  means  of  a  director;  care  is  necessary  in  order  tu  llioroughly 
separate  the  vessel  from  the  |>iiaimog!istric  nerve.  Althoiigli 
the  nerve  lies  behind  the  vessel,  it  is  sometimes  adherent  to  tlie 
sheath  of  the  internal  jugular.  Unless  care  is  taken  to  recog- 
nize the  nerve  at  the  time  of  the  dissection,  It  may  be  included 
in  a  ligature  [Kissed  around  die  vein.  The  vein  is  best  cleared 
by  dissecting  along  ils  ])osterior  and  ]M>stcro-inlenial  asiKrct. 
All  of  the  tributary  vessels  come  off  from  the  anterior  aspect 
of  the  vein  and  practically  no  tributaries  arc  met  if  the  dissec- 
tion is  carried  along  the  jwstcrior  wall.  The  vein  should  be 
exjKised  sufticiencly  luw  down  in  tlie  neck  so  that  two  Ugnliires 
may  \x  passed  al^ml  it.  lielnw  the  iiotnt  tu  which  the  clot  cx- 
lcnd»i.  In  some  cases.  1  have  followed  the  vein  almost  to  the 
innominate.  After  the  vein  has  been  thoroughly  c.\po5cd,  two 
ligatures  arc  iiassed  abcmt  llic  vessel  as  low  down  in  the  neck 
as  necessary.  These  ligatures  are  tied,  and  the  vein  is  divided 
between  them.  The  entire  vein  is  then  carefully  dissected  out, 
all  tributary  branches  being  divided  helween  two  ligatures  as 
the  dissection  is  continued  from  below  upward.  The  numl»r 
of  tributaries  recjiilrlng  ligation  will  vary  in  individual  cases. 
The  branch  which  always  recjnires  ligation  is  the  common  inmk 
of  ihe  tcmiKiral  and  facial  veins  wliirh  joins  the  internal  jugidar 
at  a  i»oint  jnst  aI>out  the  level  of  tlie  bynid  Inirie.  Occisionally 
the  thyroid  and  lar>Tigcal  branches  must  In-  divided  In-twecn  two 
ligatures  as  we  proceed  from  below  upward  before  this  large 
tnmk  is  reache<l.  In  many  instances,  however,  the  thyroid, 
laryngeal,  and  lingual  branches  arc  s<i  small  aa  lo  entirely  es- 
cape observation.  When  the  conmion  irmik  of  the  lingual,  tem- 
poral, and  facial  is  reached,  care  must  In-  lakcn  to  scjiarate  this 
trunk  cautiously  from  the  underlying  tissues  and  to  divide  it  be- 
tween two  ligatures.  In  two  uf  my  cases  I  have  found  a  clot 
in  the  internal  jugular  c-vteiuling  down  as  far  as  llie  ptnnt  where 
the  facial  vein  joins  the  internal  jugular  and  sy.steinic  infection 
was  undoubtedly  occasioned  by  the  carrying  into  the  general 
circulation  of  portions  of  this  clot  by  llie  blood  current  entering 
the  jugular  Uirough  the  facial  and  teni|)oral  veins.  Tliis  large 
branch  must  therefore  be  carefully  secured  aiK3  divided  between 
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two  ligatures.  The  internal  jtifrubr  is  then  followetl  upward 
ns  IiikIi  as  iMt«:sibIc,  is  surrounded  by  two  ligatures  and  divided 
lietwecn  tliem.  As  itie  common  trunk  of  the  temporal  and 
facial  vein  is  the  Inst  large  branch  given  off  from  the  vein,  it  is 
not  nt-Cfssary  to  ftillow  the  vessel  comijletcly  to  the  base  of  the 
skiill.  It  may  be  divided  with  perfect  safety  at  a  point  three 
quarters  of  an  inch  above  where  the  facial  vein  enters  the  in- 
ternal jiiffutar.  I  ilo  nut  lliink  it  advisable  to  attempt  to  wash 
out  any  clot  which  may  he  present  by  the  injection  of  Huid  into 
the  upper  extremity  of  the  vein.  The  small  segment  of  ves- 
sel lying  between  the  point  of  ligation  and  the  opening  in  the 
lateral  sinus  can  scarcely  afford  any  oppurtunity  for  systemic 
infection.  I  believe  there  is  much  more  danger  of  forcing  sep- 
tic material  into  the  general  circulation  through  the  inferior 
lictrosal  sinus  if  fiuid  is  injected  into  the  upper  portion  of  the 
vein,  than  if  the  operation  is  temiinaled  simply  by  a  ligation  of 
the  vessel.  After  the  operation  has  been  conchula!  the  wwmrl 
in  the  neck  should  be  Hushed  with  a  warm  saline  solution,  and  the 
margins  of  the  wound  united  by  means  of  interrupted  sutures, 
preferably  of  silk.  The  upper  angle  of  the  womid  shouki  be 
left  open  and  a  packing  uf  iodoform  gauze  inserted.  The  oi*en- 
ing  made  in  the  sinus  at  the  early  part  of  the  ojieratinn  shocdd 
then  receive  attention.  A  strip  of  iodoform  gauae  should  be 
inserted  at  the  upper  angle  of  the  wound  between  the  sinus 
and  its  bony  covering,  thus  occluding  the  sinus  at  this  point. 
The  lower  extremity  of  the  sinus  wound  may  l>e  packed  with 
iodoform  gauze  inserted  directly  into  the  sinus.  If  the  upper 
extremity  of  the  sinus  wound  is  not  treated  in  this  manner, 
persistent  haemorrhage  is  apt  to  follow  upon  the  removal  of 
the  packing.  The  procedure  described  obliterates  the  upper 
portion  of  the  sinus  by  obliteration  of  its  lumen.  The  entire 
mastoid  wound  should  then  lie  dressed  in  the  usual  way. 
care  being  taken  to  separate  the  mastoid  antrum  from  the 
open  sinus  by  means  of  gauze  packing.  Out  of  fifty-seven 
cases  operated  on  forty  were  cured  and  sevtmtccn  died.  The 
causes  of  death  were  as  follows:  one  of  lia-morrhage  into 
the  spinal  canal,  one  of  pyjcmia  (late  operation),  three  of 
pneumonia  beginning  before  operation,  one  of  diabetes,  one 
of  gangrene  of  the  lung,  one  of  gangrene  of  the  neck,  and  one 
of  malnutrition.  In  eight  cases  the  cause  of  death  was  not 
recorded. 
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OTITIC    UENINCITIS. 

In  instituting  operative  procedures  far  a  nicntngiiis,  the 
rational  symptoms  seldom  aiJ  us  in  deciding  upon  ihc  area 
involved,  as  these  cases  usually  present  Iheiiisclves  to  the  aural 
sursfeon  after  the  mastoi<l  cells  have  been  ihomuKhly  obliter- 
ated and  all  foci  of  diseased  bone  about  the  middle  ear  removc<I. 
In  cases  which  come  under  ob9e^^•ation  late,  and  where  the 
mastoid  has  not  been  operalc<l  upon,  this  operation  sliotild  con- 
stitute the  initial  step  of  the  procedure.  If  the  dura  is  exposed 
either  by  caries  of  the  tympanic  roof  or  of  the  inner  table  of 
the  skull  over  the  lateral  sinus,  any  evidences  of  meningitis 
which  may  be  present  will  be  discovered  at  the  time  of  the  pri- 
mary operation.  In  the  absence  of  any  eviilence  of  disease  o( 
the  dura  in  these  localities,  or  where  the  dura  has  not  been  ex- 
posed at  the  time  of  the  mastoid  operation  and  where  llie  symp- 
toms of  meningitis  develop,  the  surgeon  shouki  do  an  explora- 
tory cinniotomy,  entering  the  skull  just  above  the  extcnial 
auditory  meatus.  This  is  best  done  by  <lividing  the  soft  parts 
by  means  of  a  cur\'cd  incision  from  a  point  one  half  inch  liehind 
the  posterior  border  of  the  meatus,  extending  it  upward  over 
the  top  of  the  car  to  a  point  one  inch  and  a  half  aliovc  the 
superior  margin  of  the  auricle,  and  then  curving  downward 
and  fo^^va^d  to  a  point  one  half  inch  behind  the  external  angu- 
lar process  of  the  frontal  bone.  .Ml  the  stnictures  are  divided 
down  to  the  bone,  bleeding  points  secured  by  means  of  clamps, 
.ind  the  lower  flap,  including  the  auricle,  pushed  dowiivvanl  by 
means  of  the  periostea!  elevator,  so  as  to  bare  the  skull  through- 
out the  entire  extent  of  the  cutaneous  incision.  If  more  room 
is  ncc<lc<l.  the  tipper  (lap  may  also  be  elevated  by  means  of  the 
periosteal  elevator.  The  skull  is  then  opened  by  means  of  the 
chisel  about  half  an  inch  above  and  a  quarter  of  an  inch  in 
80  <mi 
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front  of  tlic  centre  of  the  external  atidUury  canal,  this  being  the 
thitinctit  piirt  of  llic  M]uauiuiis  plate,  and  therefore  a  region  at 
which  the  cranial  cavity  can  Ijc  most  easily  o|fencd.  As  soon  as 
the  opening  has  been  made  in  the  skull,  this  opening  is  rapidly 
enlarged  upward,  backward,  aiid  downward  l>y  means  of  the 
rongeur  forceps  iinlil  the  {ipeninjj  measures  at  Ie;isl  one  inch  in 
the  vertical  diameter  and  one  and  a  quarter  inches  in  the  longi- 
tudinal diameter.  The  bone  is  removed  below  sufficicnily  to 
allow  the  director  or  a  flat,  narrow  retractor  to  be  i>as5cd  along 
the  roof  of  the  lympamim  as  far  almost  as  the  apex  of  the 
pyramid.  In  some  cases  the  finger  can  be  introduced  although 
this  frequently  is  not  possible,  owing  to  adhesions.  Several 
case.i  have  come  under  my  observation  where  a  complete 
mastoid  operation  with  this  free  exposure  of  dura  has  been 
sufficient  to  effect  a  cure  without  other  interference.  If  the 
dura  is  found  involved — and  frequently  this  is  the  only 
condition  we  find— it  is  well  to  turn  down  a  dural  flap.  In 
order  to  effect  this  a  curved  incision  is  made  through  the  dura 
from  in  front  upward  and  backward,  so  as  to  leave  the  dural 
flap  attached  below.  This  flap  is  turned  down  and  the  sur- 
face of  the  brain  exposed.  In  rases  of  advanced  menin^tis 
we  find  the  pia  very  much  injected  and  considerable  fluid  in 
the  arachnoid  space.  We  find  reports  of  a  number  of  cases  in 
which  the  exposure  of  the  dura  and  the  incision  of  this  mem- 
brane have  been  followed  by  complete  recovery.  This  measure 
is,  therefore,  advised  by  Boenninghaus.' 

Where  the  brain  substance  bulges  through  the  dural  wounrl. 
it  is  always  wise  to  make  an  incj.sion  through  the  brain  sut>> 
stance  intd  Ihe  lateral  ventricle,  so  a.s  to  relieve  any  accunmla- 
tion  of  tUiiil  \\'bich  may  be  present.  It  will  be  remembercil.  in 
speaking  of  serous  meningiiis,  that  one  of  the  forms  of  this 
disease  is  characterized  by  an  accuniulalion  of  fluid  in  the  lateral 
ventricles.  Tlic  evacuation  of  this  fluid  by  incision  through 
tlie  brain  substance  is  by  no  means  new.  having  been  advocatei) 
a  number  of  years  ago  for  Ihe  relief  of  clirouic  hydroccphaUis 
iti  infants.  In  cases  of  acute  serous  meningitis,  however, 
dependent  upon  a  middle-car  suppuration,  this  procedure  is 
certainly  indicated  as  a  means  of  reliewng  the  intracranial 
pressure. 

In  order  to  enter  the  lateral  ventricle,  in  the  region  above 

*  Meningitis  ictom  scuU,  Winbadcn,  t&g^,  p.  6$. 
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described,  either  a  large  aspirating  needle  attached  to  a 
s>Tingc,  or,  preferably,  a  narrow,  straiglit  knife,  shari)-iJointed, 
should  be  introduced  into  the  brain  substance,  forward  and 
inward  and  slightly  upward,  for  a  distance  of  about  one  and 
three  quarters  to  two  and  one-half  inches.  In  case  the  ven- 
tricles arc  filled  wth  fluid,  as  the  result  of  a  meningitis,  fluid 
will  be  obtained  before  the  knife  has  entered  this  distance, 
owing  to  the  fact  that  the  cavity  of  the  ventricle  is  much 
dilated  by  the  presence  of  the  serum.  If  an  excess  of  ventricu- 
lar fluid  is  found,  it  is  well  to  insert  a  strip  of  sterile  rubber 
tissue  into  the  cavity  in  order  to  secure  drainage.  Some 
authors  prefer  to  simply  remove  the  fluid  from  the  ventricle 
by  tapi^ing  with  a  large  needle,  instead  of  evacuating  it  by 
free  incision.  Since  infection  of  the  meninges  freciucntly 
occurs  through  a  previous  infection  of  the  laliyrinth,  the 
infection  following  the  course  of  the  auditory  nerve  trunk 
through  the  interna!  auditory  meatus,  Neumann  has  advised 
the  exposure  of  the  internal  auditorj'  meatus  and  incision  of 
the  dura  in  this  neighborhood.  In  this  procedure  the  laby- 
rinth is  first  extirpated  by  the  Neumann  method.  (See  plate 
x^-ii.)  The  dura  is  then  exposed  deeply  Ixmcath  the  vestibule 
by  carefully  removing  the  bone  until  the  internal  auditory 
meatus  is  reached  when  the  dura  is  incised  and  a  folded  rubber 
drain  inserted.  In  order  to  render  this  drainage  more  com- 
plete, the  author  has  insisted  in  these  cases  upon  the  complete 
removal  of  the  superior  semicircular  canal.  Tliis  exposes  the 
internal  auditory  meatus  perfectly  not  only  posterioi-ly,  but 
also  superiorly,  and  admits  of  a  free  incision  of  the  dura.  The 
author  has  had  only  very  indifferent  success  in  following  this 
procedure. 

Another  method  of  treating  this  condition  is  by  lumbar 
puncture,  first  advised  by  Quincke.  This  c<insists  in  entering 
the  ^tnal  canal  either  between  the  fourth  and  fifth  himbar 
vertebTEe.  «■  between  the  fifth  lumbar  and  first  sacral  vcrtc- 
bne.  The  procedure  is  not  very  painful,  and  can  he  jxTformed 
without  the  induction  of  local  anaesthesia.  In  nervous  patients 
it  is  wise  to  anaesthetize  the  operative  field  cither  by  the  sub- 
cutaneous injection  of  a  few  minims  of  a  sterilized  four-per- 
cent solution  of  cocaine,  or  by  freezing  the  parts  with  a  spray 
of  ethyl  chloride.  In  order  to  perform  this  operation,  the 
back  of  the  [>attcnt  should  be  sterilized  for  a  distance  of  four 
inches  on  each  side  of  the  median  line,  from  a  point  just  below 
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Ae  free  border  of  the  ribs  to  the  tip  of  the  cocc>-x.  The  pa- 
timt  should  be  -pA^ced  upon  the  side  witli  Ihc  trunk  flexed 
sttOdgly.  In  this  way,  Lhe  lumlxi-saeral  muscle:;  ore  pui  upon 
ibe  streich.  A  rather  long  aspirathig  needle,  about  ihree 
iocbes  in  length  and  of  a  diameter  of  about  one  millimetre, 
is  then  plunged  through  the  soft  tissues  of  the  back,  dther 
directly  in  the  median  line,  or,  preferably,  slightly  to  the  left 
o(  the  spinous  processes  of  the  vertebrae,  either  between  the 
fourth  and  fifth  lumbar  spines  or  between  the  fifth  lumbar 
spine  and  the  first  sacra!  vertebra.  U  the  puncture  is  made  to 
the  left  of  the  median  line,  the  needle  should  pass  upward 
and  inward  to  the  right.  If  made  directly  in  the  median  Une. 
it  should  pass  inward  and  slightly  upward.  In  children,  the 
puncture,  according  to  Quincke,  is  easily  made  in  the  median 
line;  in  adults,  it  is  best  to  introduce  the  needle  about  a 
finger's  breadth  to  the  left  of  the  spinous  processes  of  the  ver- 
tebnc.  There  is  no  danger  of  injuring  the  spinal  cord  at  this 
point,  because,  as  will  he  remembered,  the  cord  docs  not- 
extend  below  the  level  of  the  first  lumbar  vertebra,  the  spinaE 
canal  in  this  region  consisting  of  the  lumbar  sac.  which  con- 
tains the  caitda  equina.  This  operation  should  only  be  under 
taken  under  the  most  strict  aseptic  precautions,  as  otherwii 
infection  of  the  cerebro-spinal  fluid  might  easily  occur.  As- 
soon  as  the  spinal  canat  has  {)een  entered  the  operator  will  be 
cognizant  of  the  fact  by  a  flow  of  limpid  or  slightly  turbid  fluid 
from  the  canula.  If  a  meningitis  is  present  and  there  is  in- 
creased pressure  of  the  ccrcbro-spinal  fluid,  the  escape  of 
fluid  from  the  canula  will  be  very  free.  It  is  not  wise,  under 
any  conditions,  to  draw  off  more  than  one  himdred  cubic 
centimetres  of  the  fluid,  and  it  is  better  not  to  draw  this  full 
amount  at  once,  even  when  the  pressure  is  high,  but  to  cause 
the  flow  to  intermit  occasionally  by  closing  the  canula  for  a 
few  moments,  thus  preventing  any  sudden  alteration  of  intra- 
cranial pressure. 

As  a  diagnostic  measure  lumbar  puncture  is  of  great  value. 
Where  the  cerel>rospinal  fluid  is  under  increased  pressiuie, 
this  will  l>e  indicated  by  the  force  with  which  the  fluid  is 
ejected  from  the  needle.  Normally  cerebrospinal  fluid  flows 
drop  by  drop.  If  the  fluid  issues  in  a  stream  and  is  projected 
with  considerable  force  from  the  needle,  this  is  a  pathogenic 
condition  and  is  significant.  The  exact  amount  of  pressure  is 
unimportant.    The  cytological  examination  of  the  fluid  is  of 
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great  importance.  Normally  the  fluid  is  alkaline  in  reaction, 
reduces  FehlinH's  solution,  does  not  contain  globulins,  excepting 
in  very  small  quantities,  the  cell  count  is  from  zero  to  ton, 
and  the  fluid  is  sterile.  In  meningitis  the  alkaline  reaction  is 
lost,  and  the  fluid  becomes  acid.  Fehling's  solution  is  not 
reduced,  the  globulin  test  is  positive,  and  the  cell  count  is 
greatly  increased.  Obsen-ation  has  shown  that  an  increase 
in  the  globulin  test  may  be  caused  amply  by  exposure  of  the 
dura  at  Uie  time  of  operation,  or  by  its  previous  involvement 
by  a  pathogenic  process.  Naturally,  the  presence  of  any 
pathogenic  bacteria  in  the  spinal  fluid  upon  culture  is  abso- 
lutely indicative  of  meningeal  infection.  The  specific  gravity 
of  the  fluid  withdrawn  is,  in  serous  meningitis,  very  little 
above  the  normal  standard.  In  purulent  meningitis,  however, 
it  rises  to  a  point  considerably  above  the  normal  standard. 
In  purulent  meningitis  also,  the  spinal  fluid  contains  from 
eight  to  nine  jier  cent  of  albumin,  against  a  normal  percent- 
age of  one  fiftieth  of  one  per  cent  to  one  half  of  one  per  cent. 

As  a  diagnostic  mea.sure  lumbar  puncture  is  of  great  value. 
It  has  also  proven  itself  of  value  as  a  therapeutic  measure 
in  cases  where  the  cerebrospinal  fluid  does  not  show  the 
presence  of  bacteria,  in  other  words  where  we  are  dealing 
with  a  serous  meningitis.  In  these  cases  the  clearing  out  of 
the  original  focus  of  infection  within  the  mastoid  and  the 
exposure  of  a  large  area  of  dura  followed  by  repeated  lumbar 
punctures  to  reduce  the  intracranial  pressure  constitute 
therapeutic  measures  of  imdoubtcd  value. 

Epidural  Abscess. — When  there  is  pus  between  the  dtira 
mater  and  the  osseous  wall  of  the  cranium  it  is  only  necessary 
to, perforate  the  skull  to  evacuate  the  fluid.  Tlie  decision 
as  to  the  location  of  such  an  abscess  always  is  a  matter  of 
conjectiu^,  and  it  is  well  to  remember  that,  out  of  a  scries 
of  cases,  the  most  usual  location  has  been  either  in  tlie  pos- 
terior or  in  the  middle  cranial  fossa  in  the  order  named. 
The  operative  technique  consists  in  the  removal  of  the 
inner  table  of  the  skull,  over  the  site  of  the  mastoid  opening, 
extending  it  as  much  as  is  necessary  to  expose  the  dura  in 
the  posterior  fossa.  A  probe  is  then  inserted  between  the 
meninges  and  bone  and  passed  gently  in  every  direction,  to 
discover,  if  possible,  the  location  of  the  purulent  focus.  Fail- 
ing in  this,  the  middle  cranial  fossa  should  be  explored;  this 
may  be  done  by  enlarging  the  original  opening  by  means  of 
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the  rongeur.  Owing  to  the  thickness  of  the  skull  in  this  region, 
it  is  wiser  to  perforate  a  second  time  than  to  enlarge  the  pre- 
vious opening.  For  this  purpose  the  cutaneous  incision  is  _ 
extended,  in  the  same  manner  as  previously  described  under  I 
Operative  Treatment  of  Otitic  Meningitis.  After  the  squama 
has  been  exposed,  the  middle  cranial  fossa  is  entered,  and  the 
entire  tympanic  roof  and  extradural  space  of  the  middle 
fossa  is  carefully  explored  by  means  of  the  probe,  in  order 
to  discover  any  extradural  collection  of  pus,  If  such  a  col- 
lection is  found,  it  is  evacuated,  and  the  opening  in  the  skull 
is  enlarged  so  as  to  admit  of  a  thorough  exploration  of  the 
cavity  in  every  direction.  It  is  unwise,  under  these  circiun- 
stanccs,  however,  to  remove  the  bone  beyond  the  limits  of 
the  abscess.  We  find,  in  these  cases,  that  the  purulent  collec- 
tion is  walled  off  from  the  general  cranial  cavity  by  firm  adhe- 
sions between  the  dura  and  the  skull.  If,  after  evacuating  tbe 
abscess,  the  surgeon  persists  in  tlie  removal  of  bone  until 
actual  normal  dura  is  encountered,  these  adhesions  are  broken 
dovm  and  there  is  danger  of  infecting  the  previously  healthy 
dura  and  of  setting  up  a  purulent  meningitis.  The  line  cf 
adhesion  should,  tlierefore,  be  carefully  preserved,  but  enough 
bone  should  be  removed  to  allow  the  entire  abscess  cavity  to 
be  explored  by  means  of  the  finger.  After  the  pus  has  been 
evacuated,  the  abscess  cavity  should  be  wiped  out  with  cither 
sterile  sponges  or  with  sponges  moistened  in  a  1-5,000  bi- 
chloride of  mercury.  If  the  cavity  is  large  and  the  discharge 
thick,  it  may  be  welt  to  irrigate  the  ca^^ty  with  a  warm 
solution  of  mercury,  of  a  strength  of  1-5,000.  After  this 
irrigation  the  abscess  cavity  is  packed  with  iodoform  gauzc- 
Tlie  anterior  portion  of  the  incision  through  the  skin  is  closed 
by  means  of  one  or  two  sutures  of  silkworm  gut.  The  original 
mastoid  wound  is  packed  in  the  usual  manner,  and  completely 
isolated  from  the  opening  into  the  cranial  cavity  in  the  middle 
fos.sa  by  means  of  a  firm  packing  of  iodoform  gauze  introduced^ 
between  the  packing  in  the  abscess  cavity  and  tbe  packing  in- 
the  mastoid  antrum. 

The  se])aration  of  the  epidural  abscess  cavity  from  thtr 
mastoid  woimd  by  means  of  firm  gauze  packing  should  be 
looked  uiwn  as  a  matter  of  great  importance,  not  only  in 
applying  the  dressing  immediately  after  the  operation,  but 
also  at  each  subsequent  dressing,  imtU  the  walls  of  the  ca\*ity 
arc  covered  with  healthy  granulation  tissue.     If  this  is  not 
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done,  infection  of  the  exposed  dura  may  occur,  resulting  in  a 
general  purulent  meningitis.  If  the  abscess  is  large,  it  is  wcU 
to  change  the  dressing  every  day  so  as  to  keep  the  surrounding 
tissiies  as  free  from  pus  as  possible  and  to  thus  prevent  the 
infection  of  the  dura  adjacent  to  the  abscess. 

In  cases  in  which  the  later  sinus  lies  in  the  floor  of  the 
abscess  cavity,  and  is  covered  with  granulation  tissue,  the 
operator  should  not  forcibly  curette  away  these  granulations. 
This  tissue  forms  a  barrier  against  the  infection  of  the  under- 
lying sinus  from  the  pus  in  which  it  is  bathed,  and  its  forcible 
removal  may  be  followed  by  infection  of  the  sinus,  and  devel- 
opment of  a  sinus  thrombosis.  Careful  palpation  of  the  sinus 
with  the  finger  will  usually  enable  the  operator  to  determine 
the  presence  of  a  clot  in  the  lumen  of  the  vessel.  It  is  often 
wise  in  doubtfid  cases  to  follow  the  course  of  the  sinus  for  a 
short  distance  beyond  the  limits  of  the  abscess  cavity,  either 
in  an  upward  or  downward  direction,  according  to  the  loca- 
tion of  the  abscess,  if  the  size  of  the  cavity  does  not  expose 
the  sinus  for  a  distance  of,  nt  least,  three  quarters  of  an  inch. 
Pressure  should  next  be  applied  to  the  upper  exposed  portion 
of  the  vessel  close  to  the  bony  margin  of  the  wound.  If  no 
thrombus  is  present,  pressure  above  wUl  cause  the  vessel  to 
collapse  below.  The  pressure  above  should  next  be  removed 
and  the  sinus  compressed  at  the  lowest  point  of  its  exposure. 
If  the  lumen  of  the  vessel  is  free,  it  will  immediately  fill  with 
blood  to  the  point  at  which  pressure  is  applied. 

If.  after  applying  these  tests,  the  operator  is  in  doubt  as 
to  the  presence  of  a  thrombus,  he  may  then  remove  the 
granulations  from  the  surface  of  the  vessel,  cleanse  the  abscess 
cavity  thoroughly  by  the  gentle  use  of  the  curette,  and  then 
open  the  sinus  in  the  manner  already  described  on  a  previous 
page,  for  exploration  of  the  lateral  sinuses  in  doubtful  cases. 
If  a'thrombus  is  found,  the  condition  should  be  dealt  with  in 
the  manner  already  detailed  in  a  previous  chapter.  It  will  be 
seen,  therefore,  that  in  no  instance  should  granulation  tissue 
over  the  sinus  be  removed  until  the  operator  has  decided  to 
make  an  exploratory  opening  in  that  vessel  and  to  then  sub- 
sequently shut  it  off  entirely  from  the  general  circulation  by 
leans  of  a  firm  packing  of  iodoform  gauze. 

The  results  of  operative  treatment  in  epidural  abscess  are 
"extremely  favorable.  The  author's  statistics  have  already 
;n  given  on  page  472. 
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Where  locnlizing  symptoms  indicative  of  the  presence  of 
a  collection  of  pus  within  the  hrain  suhsiance  arc  evitlciu.  the 
surgeon  has  then  precise  iiulicaiions  as  to  wliat  portion  of  ihe 
cranial  cavity  shall  be  entered  for  the  evacuation  of  thisimni- 
lent  collection.    In  most  cases  of  cerebral  abscess  arising  froin 
suppunilive  otitis,  however,  localizing  symptoms  are  rare.  The 
surgeon  is  most  frequently  in  <Iouht  as  to  whether  the  infected 
area  within  the  brain  lies  in  the  cerebrum  or  in  the  ttrt- 
belhun.    In  certain  cases,  esjiorially  where  the  left  ear  is  affecieil. 
causing  involvement  of  the  left  side  of  the  brain,  the  aphaiic 
symptoms  enable  the  surgeon  to  make  a  fairly  accurate  diagno- 
sis.   Symptoms  of  loss  of  power  in  the  upper  and  lower  cxtrenii* 
ties  arc  seldom  met  with.     When,  therefore,  the  right  ea^ 
is  involved,  practically  no  definite  localizing  symptoms  ai* 
present. 

As  the  patient  presents  himself,  the  surgeon  has,  then,  o<J 
positive  evittcnce  of  the  location  of  the  intracranial  infection* 
He  has  simply  the  history  of  a  suppurative  process  within  th£5 
middle  car  which  has  lasted  for  a  considerable  period  of  time- 
Thc  general  appearance  of  the  patient  is  indicative  of  somff 
severe  constitutional  infection,  but  an  examination  of  the  tho-« 
racic  and  abdominal  viscera  show  the  i>arts  to  be  perfectly  nor-^J 
mal.    In  the  more  advanced  cases  the  patients  are  in  a  state  of 
hebetude  or  even  in  a  state  of  coma.    The  surgeon  has  nothing" 
whatever  to  guide  him  except  the  fact  that  there  is  a  chronic 
suppurative  otitis  upon  one  side.     All  operative  procedures 
must,  therefore,  be  of  an  exploratory  character,  and  the  open- 
ing in  the  cranial  cavity  must  be  large  enough  to  enable  the 
operator  to  investigate  the  entire  cranial  contents  rapidly.    \V(  fl 
knovv'  from  autopsies  performed  upon  cases  of  this  kind  which  ^ 
have  tertninatcd  fatally,  that  the  most  frequent  site  of  an  al>- 
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scess,  due  to  middle-ear  suppuration,  is  in  the  temporo-sphe- 
noidal  lobe,  the  infection  taking  place  directly  tliroiigh  the  roof 
either  of  the  mastoid  antrum  or  of  the  tympanic  vaiih.  'Hic 
second  favorite  site  is  abscess  of  the  cerebellum,  infection  occur- 
ring tlinmgh  the  p»fstcrior  wall  of  tlie  lateral  sinus.  In  all 
exploratory  operations  upon  the  brain,  when  the  primary  infec- 
tion is  an  otitis,  the  first  step  should  be  to  rapidly  enter  the  mas- 
toid antrtini  and  to  expose  the  roof  of  the  tytnpannni  atid  of  the 
mastoid  antrum.  The  ciilaneous  incision  shoulil  then  lie  ex- 
tended tipuanl  and  forward  to  the  external  angular  process  of 
ihe  frontal  lionc.  The  lower  flap  is  then  pushed  downward  and 
Ihc  sfiuama  uncovered.  It  is  not  wise  to  elevate  the  pcrinslcum 
of  the  upper  flap  unless  it  is  found  subsequently  that  a  larger 
opening  in  the  cranial  cavity  is  necessary.  The  mastoid  wound 
having  been  packed  with  gauze,  the  surgeon  then  enters  the 
eranial  cavity  at  a  point  just  a!>ovc  the  external  auditory  mea- 
tus. The  squama  is  extremely  thin  in  this  region,  and  the  wall 
of  the  skull  is  easily  broken  through  by  a  few  strokes  of  the 
chisel.  This  opening  shotdil  l>e  etdarged  in  every  direction  by 
means  of  the  rongeur  forceps,  the  aperture  licing  gradually 
extended  upward  and  liackward  until  an  opening  at  least  an 
inch  in  diameter  has  been  made.  A  probe  or  director  is  then 
cautiously  introduced  betweccn  the  dura  and  the  upper  surface 
of  the  petrous  pyratnid.  If  care  is  taken,  the  dura  may  be  sepa- 
rated from  the  superior  surface  of  the  pyramid  and  the  finger 
passed  along  its  bony  surface.  If  the  dura  appears  nonnal 
through  the  opening  already  made,  it  is  then  wise  to  continue 
this  opening  downward  and  backward  by  removing  the  floor 
of  the  middle  fossa  over  the  region  of  the  tegmen  tympani  and 
tegmen  antri.  This  exposes  the  lower  surface  of  the  tcmporo- 
sphenoidal  lobe.  If,  when  the  mastoid  was  opened  an  opening 
was  discovered  by  means  of  the  probe  cither  through  the  teg- 
men tympani  or  the  legmen  antri,  the  surgeon  will  naturally 
rapidly  enlarge  the  ex))loratory  ojiening  in  the  cranium  by 
removal  of  the  legmen  tympani  and  tegmen  antri  by  means  of 
the  rongeur  forceps,  thus  making  Ihc  cxplorxttory  opening  con- 
tinuous with  the  external  auditory  meatus  and  the  vault  of  the 
tymi>anum.  In  this  way,  an  exceedingly  large  dural  area  is 
exposed,  and  in  that  region  where  infection  is  most  likely  to 
occur.  It  is  seldom  that  either  inspection  or  palpation  of  the 
dura  will  give  any  indication  as  to  the  location  of  the  abscess. 
Where  a  softened  <Uiral  area  is  found,  the  surgeon  naturally 
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would  make  an  incision  through  the  dura  and  enter  the  brain 
substance  at  this  point  in  the  hope  of  evacuating  the  pus.    If 
no  such  indication  is  present,  however,  the  next  iK>iiii  is  to 
reflect  a  dural  (lap  before  incising  the  brain  sulwtance.     I  am 
strongly  averse  lo  making  incisions  into  the  cerebral  snbstancc 
before  reflecting  a  dural  (lap.  although  1  know  that  this  is  Ihc 
practice  of  many  eminent  surgeons.     The  dural  flap  is  bcsl 
formed  by  making  a  curvilinear  incision  through  the  dura,  the 
convexity  of  the  ttap  being  downward,  corresponding  approxi- 
mately to  the  lUtea  temporalis.    This  flap  is  rejected  upward 
and  the  knife  is  then  phinj;ed  into  the  brain  substance,  first  in 
a  (lirection  upwani,  backu:ird,  and  inward.     If  this  puncture  is 
followed  by  a  discharge  of  pu.s  along  the  blade  of  the  knife, 
a  free  incision  is  nimlc  into  the  brain  substance,  care  being  taken 
that  the  knife  follow  along  the  line  of  a  convolulion.  rather  llan 
across  it.  in  order  to  avoid  the  wounding  of  important  vessels 
which  may  give  rise  to  troublesome  hemorrhage.     For  the 
same  reason,  the  knife  should  always  be  plunged  into  the  con- 
vexity of  a  convolution  and  not  into  the  fissure  l>elwccn  ilie 
two  convolutions.     It  most  frequently  happens  that  the  first 
incision  will  fail  to  reveal  the  presence  of  pus.     The  surgeon 
must  then  carefully  introduce  the  knife  in  various  directions. 
downward,  forward,  and   inward;  downward,  backward,  ami 
inward;  and  upward,  forward,  and  inward;  he  should  not  U 
satisfied  to  rely  upon  puncture  alone,  but  should  incise  the 
brain  substance  thotighoiit  the  entire  depth  of  the  puncture 
for  a  distance  of  at  least  half  an  inch.     It  sometimes  hapiwtis 
that  the  pus  from  the  cerebral  abscess  is  so  thick  it  will  not 
flow  along  the  knife  unless  a  rather  free  incision  is  made,  and 
although  the  abscess  cavity  may. have  been  entered   by  an 
exploring  instrument,  the  jiresence  of  pus  will  be  nnrccognixed 
unless  the  inci-sion  is  sulliciently  extensive  to  allow  of  the  eradi- 
ation of  the  thick,  broken-down  cerebral  substance,  whicl) 
makes  up  the  contents  of  the  ai)scess.    It  is  also  wise,  in  case 
an  incision  in  various  directions  does  not  reveal  pns,  to  cau- 
tiously introduce  a  gmovcd  director  along  the  line  of  incision  in 
the  hope  that  a  pent-np  collection  of  pus  deep  in  the  cerelwal 
substance  may  be  recognized  by  the  escape  of  pus  along  the 
groove  in  the  director.    As  soon  as  the  abscess  cavity  has  been 
entered,  as  indicated  by  a  How  of  pus,  a  small  narrow  bladed. 
delicate  retractor  may  be  passed  along  tlie  director.    The 
director  is  tlien  removed  and  a  second  retractor  passed  parallel 
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to  the  first  instniment.  Separation  of  these  retractors  opens 
the  abscess  cavity  widely,  and  permits  of  free  evacuation 
of  its  contents  as  well  as  its  subsequent  exploration  under 
illumination  and  its  subsequent  packing.  The  exploring  finger 
may  also  be  introduced  into  the  abscess  cavity,  and  the  intro- 
duction of  the  finger  is  frequently  advisable.  Digital  explo- 
ration should,  however,  be  exceedingly  gentle. 

As  a  rule,  I  do  not  think  it  wise  to  irrigate  a  cerebral  ab- 
scess at  the  time  of  primary  operation.  I  can  easily  conceive 
of  some  cases  in  which  irrigation  may  be  advisable.  1  think, 
however,  that  the  introduction  of  fluid  at  the  time  of  primary 
operation  is  rather  a  disadvantage.  It  is  true  that  by  free 
irrigation  much  of  the  necrotic  tissue  within  the  abscess  cavity 
may  be  washed  away.  This  necrotic  tissue,  however,  will  be 
expelled  equally  well  by  the  intracranial  pressure  in  the  course 
of  twenty-four  hours  if  the  abscess  cavity  is  filled  by  a  fairly 
firm  gauze  packing.  It  has  always  seemed  to  me  that  in  wash- 
ing out  the  cavity  of  a  brain  abscess  at  the  time  of  ijrimary 
operation  there  was  danger  of  washing  away  some  of  the 
healthy  Iirain  tissue  which  might  be  exposed  or  of  infecting 
the  deeper  parts  through  the  current  of  fluid  introduced.  If 
great  care  is  exerdsed.  this  objection  would  hardly  hold. 
Wliencver  irrigation  is  practiced  the  fluid  sliould  be  intro- 
duced through  a  small  canula  at  low  pressure,  while  the 
avenue  for  the  return  current  should  be  large.  Exjjerience, 
however,  teaches  us  that  necrotic  tissue  is  quite  well  exix-Iled 
in  the  course  of  a  few  hours  by  the  intracerebral  pressure, 
and,  on  general  principles,  it  seems  wise  to  interfere  as  little 
as  possible  with  the  brain  substance. 

Dr.  Whiting,  of  this  city,  has  perfected  an  ingenious 
instrument  known  as  the  encephaloscope,  by  which  a  clear 
view  of  the  interior  of  a  brain  abscess  can  be  obtained.  This 
instnunent  is  an  car  speculum  of  large  size,  the  tumcn  of  which 
is  completely  filled  by  an  obturator.  The  end  of  the  obturator 
is  rounded,  so  as  to  admit  of  the  introduction  of  the  speculumv 
wthout  injuring  the  delicate  brain  tissue.  After  the  abscess 
cavity  has  been  opened,  tlie  encephaloscope,  with  the  obtura- 
tor in  position,  is  cautiously  introduced  into  the  incision,  and 
the  obturator  withdrawn.  By  the  aid  of  reflected  light  the 
surgeon  can  then  inspect  the  entire  abscess  cavity,  and  can  also 
see  to  thoroughly  cleanse  this  cavity  under  ocular  inspection. 
If  multiple  abscess  is  present,  he  will  be  able  to  discover  that 
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the  primary  incision  has  not  caused  a  complete  evacuation 
of  all  the  pus  within  the  brain,  and  will,  in  some  instances, 
be  able  to  open  up  these  other  foci  of  infection  imdcr  direct 
inspection.  The  packing  of  the  abscess  cavity  is  much  facili- 
tated by  the  use  of  this  instrument.  Dr.  Whiting  reports 
four  cases  of  temporo-sphenoidal  abscess  operated  upon  sac- 
cessfully,  and  attributes  his  success  in  no  small  degree  to  the 
use  of  this  device.' 

After  an  abscess  has  been  evacuated  and  appropriate 
drainage  instituted,  core  should  be  taken  to  isolate  Lhe  sdja- 


FlC,  IS?.  — Whiling's  MMph.il o^copc  ;  A,  Inslruncnl  rc»dy  for  inHoduction  ;  «b- 
lunitur  U  in  jXHilion  ind  ih«  l)a.ndl«  U  Utaobcd  to  Ibc  i|>ccbIuiii.  B,  Obtuntsi, 
tpeculuin.  and  hmille  fctparated. 

cent  brain  substance  and  the  meninges  from  the  abscess  cavity 
by  means  of  gauze  packing.  Tlie  middle  ear  and  antniit 
should  also  be  packed  off  separately  to  prevent  any  infection 
of  healthy  brain  tissue  which  may  lie  inunediately  adjaceni 
to  infected  areas  within  the  middle  ear.  The  anterior  angle 
of  the  wound  should  be  closed  with  sutures,  either  of  silkworm- 
gut  or  of  strong  silk,  to  prevent  scarring  as  far  as  possible. 
The  entire  operative  field  is  then  covered  with  the  usual 
antiseptic  dressing  and  a  bandage  applied.  The  first  dressing 
should  be  made  about  twenty-four  hours  after  the  operati<Mi. 
At  this  dressing  I  think  it  wise  to  remove  the  drain  or  packing 

*  According  to  my  experience  the  cticephalosctii>c  oiFonls  ]<s&  infamutioe 
than  cftn  l>c  Esincil  by  ihi:  use  nf  retractors  or  the  cxpliiting  RngFr. 
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from  the  abscess  cavity,  and  to  again  introduce  the  retractors 
or  finger  into  the  abscess.  This  is  usually  followed  by  the 
discharge  of  considerable  pus.  although,  apparently,  the 
packing  has  filled  every  recess  within  the  abscess  cavity.  I 
think  that  such  exploration  carefully  conducted  at  the  first 
and  subsequent  dressings,  for  a  period  of  at  least  a  week  after 
the  operation,  is  of  importance  to  avoid  the  possibility  of  the 
forming  of  secondary  small  abscesses  in  the  immediate  prox- 
imity of  the  site  of  primar}'"  cerebral  infection.  This  intro- 
duction of  the  finger  is,  of  course,  somewhat  painful,  but 
causes  far  less  sniTcring  than  would  be  imagined,  ff  the 
abscess  is  large  and  deep-seated,  I  have  found  it  wise  at  the 
first  dressing  to  substitute  the  rubber  drainage  tubes  for  the 
gauze  packing  or  cigarette  drain.  I  usually  introduce  two 
tubes  into  the  cavity  side  by  side,  and  assure  myself  that  the 
tubes  are  patent  when  in  position  by  irrigating  the  cavity 
gently  with  a  warm  saline  solution.  The  wound  is  ttien  packed 
in  the  manner  indicated  and  described  in  the  primary  opera- 
tion. Where  the  discharge  from  the  abscess  is  foul,  it  is 
usually  wise  to  dress  the  case  every  twenty-fmir  hours  for  a 
period  of  ten  days  after  the  operation,  at  the  end  of  which 
time  the  dressing  may  be  made  less  frcqtiently. 

Considerable  latitude  of  opinion  exists  as  to  the  method  of 
dressing  these  cases.  Some  recommend  lining  the  entire  cavity 
with  perforated  rubber  tissue  and  packing  the  cul-de-sac  thus 
formed  with  cither  sterile  or  iodoform  gauze.  Others  intro- 
duce wieks  of  gauze  saturated  with  either  iodoform  or  a  mix- 
ture of  boric  acid  and  iodoform.  If  the  surgeon  is  perfectly 
certain  that  the  abscess  cavity  has  been  rendered  thoroughly 
sterile,  it  is  quite  permissible,  as  Macewen  states,  to  remove  all 
drainage  tubes  at  the  end  of  twenty-four  to  forty-eijiht  hours, 
and  to  allow  the  walls  of  the  abscess  to  come  together.  If  the 
surgeon  does  not  care  to  do  this,  an  absorbable  l^one  drainage 
tube  may  be  inserted,  thus  keeping  up  drainage  for  a  few  days, 
and  as  the  tube  is  absorbed  the  walls  of  the  abscess  cavity 
come  together  and  the  parts  return  to  their  normal  condition. 

Iti  dealing  with  abscesses  of  otitic  origin,  however,  it  seems 
to  me  that  the  surgeon  runs  considerable  risk  in  assuming  that 
the  entire  aliscess  cavity  has  been  rendered  aseptic,  and  it  is 
certainly  wiser,  in  the  majority  of  cases,  to  keep  the  drainage 
tube  in  position  for  a  sufficient  length  of  time  to  be  f^rfecl  ly 
certain  that  all  infectious  material  lias  been  evacuated  from 
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the  cerebral  substance.    Where  an  abscess  has  been  evacuated, 
the  edges  of  the  dural  flap  should  not  be  approximated,  as  such 
a  procedure  would  favor  the  retention  of  pus  cither  within  the 
abscess  cavity,  or  infection  of  the  arachnoid  space.  This  latter 
accident  should  be  guarded  against  by  the  use  of  a  finn 
packing  along  the  margins  of  the  dural  opening  so  as  to 
cause  adhesion  between  tlie  dura  and  pia  matfer  in  the  neigh- 
borhood of  the  abscess,  thus  obliterating  the  subdural  space 
over  this  area.     In  cases  where  exainijiation  of  tlie  exposed 
dura  shows  no  indication  as  to  tne  route  of  infection  the  best 
procedure  seems  to  be  to  expose  a  large  area  of  dura  over  the 
teniporosphenoidal  lolje,  and  to  divide  the  dura  by  crossed 
incisions,  and  to  pack  between  the  dura  and  the  underlying 
brain.    This  constitutes  a  decompression  operation,  and  tlie 
packing  will  cause  a  wailing  off  of  the  subdural  space  witJiin 
six  to  eighteen  hours.   The  pressure  symptoms  will  be  relieved 
by  the  decompression.    The  relief  of  superficial  pressure  will 
favor  the  passage  of  the  pus  along  the  line  of  least  resistance, 
that  is  toward  the  decompressed  area,  while  the  packing  about 
the  margins  of  the  dural  opening  will  obliterate  the  subdural 
space  in  this  region  and  prevent  a  scctmdary  meningitis  when 
the  brain  abscess  is  subsequently  evacuated  through  the 
exposed  area.    In  from  twelve  to  twenty-four  hours  after  this 
decompression  the  brain  may  be  explored  with  the  director 
and  the  abscess  evacuated. 

If  one  of  the  lateral  ventricles  is  entered  in  making  ao 
exploratory  incision,  ventricular  fluid  will  be  evacuated,  and 
as  in  all  intracranial  diseases  attended  with  venous  hypenEmifl 
the  vcntricidar  fluid  is  increased  in  amount,  the  liberation  of 
this  fluid  is  certainly  of  thera]xnjtic  value.  If  the  ventricle 
contains  simply  an  abnormal  amount  of  clear  serum,  this 
should  be  evacuated  and  the  cavity  of  the  ventricle  either 
packed  lightly  with  sterile  gauze,  or  lined  with  sterile  rubber 
tissue  as  above  described.  In  either  case,  great  care  must  be 
taken  to  prevent  infection  of  the  ventricular  fluid.  We 
should  also  remember  that  a  cerebral  abscess  may  rupture 
into  the  ventricles,  and  these  cavities  must  then  be  opened 
and  drained  in  order  to  secure  the  desired  end. 

To  explore  the  cerebellum,  it  is  only  necessary  to  make 
an  incision  from  the  upper  angle  of  the  ordinary  mastoid 
incision  backward  to  the  occipital  protuberance.  A  trian- 
gular flap,  vvitli  base  downward,  is  thus  formed.    This  trian- 
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gular  flap  is  reflected,  the  soft  tissues  being  dissected  from  the 
underlying  bone.  In  R-flccting  this  triangwlar  flap  it  is  wise 
not  to  remove  the  periosteum,  the  soft  parts  being  rapidly 
dissected  upward  down  to  the  periosteum. 

The  site  of  election  for  an  exploratory  opening  into  the 
cranial  cavity  for  a  suspected  cerebellar  abscess,  lies  at  a  point 
one  and  one  half  inches  behind  the  centre  of  the  external 
auditory  meatus,  and  at  a  point  one  quarter  of  an  inch  below 
the  horizontal  plane  passing  tlu-ough  the  centre  of  the  external 
auditory  canal.  For  practical  purposes,  it  is  necessary  for  the 
surgeon  to  remember  thai  the  cranial  cavity  nuiy  be  opened  at 
a  point  an  inch  and  a  half  l>ehind  the  centre  of  the  meatus  just 
below  the  level  of  the  occipital  protuberance.  After  the 
exposure  of  the  surface  of  the  skull,  in  the  manner  already 
descril>ed,  the  periosleiun  should  be  incised  at  the  ])oint  of 
election  for  perforating  the  bone.  The  cerebellar  cavity  is 
best  entered  by  metms  of  the  cliisel  or  gouge.  The  bone  is 
very  thin  in  this  region,  and  a  few  strokes  of  the  cliisel  arc 
sufficient  to  break  down  the  bony  wait.  The  opening  into 
the  cerebellar  fossa  is  then  enlarged  by  means  of  the  rongeur 
forceps. 

TTic  cerebellar  dura  should  also  be  exposed  in  front  of  the 
lateral  sinus,  excepting  in  those  eases  where  the  sinus  is 
so  far  forward  as  to  preclude  this  possibility. 

After  the  cerebellar  dura  has  been  exposed  in  these  two 
regions,  the  surgeon  may  explore  the  substance  of  the  cere- 
bellum by  incisions  either  in  front  or  behind  the  sinus  or  in 
both  localities,  and  exploratory  punctures  made  in  various 
directions  by  means  of  a  grooved  director.  As  soon  as  the 
pus  is  discovered,  the  introduction  of  the  delicate  retractors, 
already  mentioned  in  speaking  of  the  treatment  of  cerebral 
abscess,  should  be  introduced  and  separated  so  as  to  evacuate 
the  purulent  collection.  In  some  cases  it  will  l>e  found  ad- 
visable to  institute  through  and  through  drainage,  that  is 
to  open  the  abscess  cavity  both  in  front  and  behind  the 
sinus,  and  this  procedure  was  employed  successfully  in  one 
case  seen  in  consult-ntion  I^y  the  author. 

In  cases  where  the  cerelx;llar  abscess  is  due  to  infection 
through  the  sinus,  and  where  the  sinus  itself  is  occluded, 
the  ideal  avenue  for  opening  the  abscess  is  through  the 
sinus  wall.  Owing  to  the  restricted  space  presented  in 
the  cerebellar  fossa  tlie  region  of  the  lateral  sinus  would  in 


594 


CEREBRAL  AKD  CEREBELLAR  ABSCESS, 


all  cases  be  the  idea!  position  for  exploring  the  cerebellum 
for  a  collection  of  pus.  In  cases  where  the  sinus  is  normal 
and  the  surgeon  wishes  to  explore  the  cerebellum  through 
the  sinus,  the  sinus  may  be  obliterated  between  the  two 
ligatures  passed  deeply  around  the  sinus  by  means  of  a 
shar])  curved  needle.  The  first  ligature  should  l)e  passed 
completely  around  the  sinus  at  a  point  just  below  the  knee, 
that  is  at  the  pcjint  just  below  where  the  superior  petrosal 
sinus  enters  the  lateral  sinus.  The  second  ligature  should  be 
carried  about  the  sinus  as  far  below  this  as  possible.  Owing 
to  the  irregular  sliape  of  the  sinus,  instead  of  tying  the  liga- 
tures completely,  the  vessel  may  be  very  well  occluded  by 
tying  the  ligatures  either  over  a  folded  strip  of  gauze  or  by 
making  use  of  the  device  sueg(.-sted  by  Major  E^gleton.* 
After  the  sinus  has  been  obliterated  between  these  two 
points,  the  cerebellum  can  be  easily  explained  through  the 
ejtsanguinated  area. 

As  soon  as  the  abscess  has  been  entered  the  operator 
should  introduce  the  retractors  already  mentioned  in  deal- 
ing with  cerebral  abscess,  and  thoroughly  evacuate  the 
cavity.  The  encephaloscope  or  the  finger  may  be  used  at 
the  discretion  of  the  operator.  The  use  of  the  cigarette  drain, 
packing,  and  the  employment  of  irrigation  depend  upon  the 
conditions  present. 


I 
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The  sound-perceiving  apparatus  includes  the  medullary 
nuclei  ol  the  auditory  nerve,  and  the  nerve  fibres  juining 
these  to  tho  cortical  areas  in  the  first  and  second  temporal 
convolutions.  Passing  from  the  medullary  centres  in  the  oppo- 
site direction,  it  includes  the  trunk  oJ  the  auditory  nerve  and 
its  terminal  lilamcnts  specialized  in  the  labyrinth  for  sound 
perception. 

In  addition  to  the  perception  of  sound,  the  auditory  nerve 
trunlc  contains  a  distinct  group  of  fibres  which  preside  over 
the  equilibrium  of  the  body.  The  terminal  filaments  of  these 
fibres  arc  distributed  to  the  semicircular  canals,  while  their 
cortical  areas  within  the  cranium  arc  found  within  the  cere- 
bellum. Interference  with  the  perceptive  mechanism  is  con- 
sequently attended  in  most  instances  by  some  disturbance  of 
equilibrium.  This  may  be  so  slight  as  to  entirely  escape  the 
notice  of  the  patient  unless  his  attention  is  particularly  drawn 
to  it,  or  it  may  be  the  principal  disorder  for  which  he  seeks 
relief.  Inlerfercticc  cither  with  equilibrium  or  with  the  func- 
tion of  audition,  characterized  by  an  Impairment  in  this  func- 
tion or  its  perversion,  may  depend  upcm  organic  changes  in 
any  portion  of  the  mechanism  specialized  for  this  particular 
purpose.  It  may  be  also  of  reflex  origin,  no  structural  change 
having  taken  place  in  any  portion  of  the  ear,  but  an  affection 
of  some  remote  organ  influencing  by  reflex  action  this  par- 
ticular part  of  the  economy. 

It  follows,  therefore,  that  the  history  of  the  individual  is 
of  ]t;trlicular  importance  in  connection  with  diseases  of  this 
portion  of  the  auditory  apparatus.  Some  illness  in  early  life, 
or  a  slight  traumatism,  might  entirely  escape  the  mind  of  the 
patient,  as  having  no  bearing  upon  the  condition  for  which  he 
seeks  advice,  but  may  often  lead  us  to  a  correct  interpretation 
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o(  the  cause  of  a  symplom.     The  physical  examination  of  the 
ear  is  really  a  very  small  part  of  the  inveMigatioii  in  thew: 
cases,  and  one  u'ho  confines  himself  to  this  special  examina- 
tion alone  must  invariably  fall  into  error  in  his  attempts  to  cor. 
rectly  explain  the  cause  of  many  of  the  symptoms.     Certain 
phenomena  arc  characteristic  of  involvement  of  this  portion 
of  the  organ  of  hearing.     The  hearing  power,  in  cases  where 
the  perceptive  mechanism  is  principally  involved,  is  either 
profoundly  affected  or  but  slightly  changed,  Ihe  modcraie 
grades  of  impairment  depending  usually  upon  diseases  of  the 
conducting  apparatus.     Tinnitus   is  almost   always   presvnl, 
and,  if  carefully  investigated,  we  shall  usually  find  a  history 
of  attacks  of  vertigo.     1  am  of  the  opinion  that  sufficient  sirrss 
is  never  laid  upon  the  symptoms  dependent  on  labyrintbioe 
involvement  in  the  ordinary  cases  of  disea.*ies  of  the  condua- 
ing  apparatus.     A  secondary  labyrinthine  disturbance  ma;   M 
occur  as  a  complication  or  as  a  sequel  of  changes  within  the   ' 
middle  ear,  and  yel  of  itself  retjuire  no  treatment  other  than 
that  directed  to  the  tympanum.    This  latter  fact  docs  not 
make  it  less  a  labyrinthine  affection,  the  removal  of  the  cause 
being  the  rational  method  for  overcoming  this  disturbance. 

With  reference  to  the  impairment  of  hearing,  low-pitched 
sounds  arc  perceived  better  than  those  of  high  pitch,  ffartio*- 
larly  if  a  preceding  disease  of  the  middle  ear  has  led  lo  ibc 
involvement  of  the  nervous  apparatus.  Marked  variatioos 
in  the  degree  of  impairment,  dependent  upon  climatic  cliai^ 
or  mental  or  physical  fatigue,  are  quite  as  characteristicnf  3 
pathological  condition  located  here  as  they  are  of  middle-car 
changes. 

Where  the  power  of  audition  changes  with  the  weather, 
being  worse  on  damp  days  and  improving  as  the  atmosphere 
clears,  it  is  usually  supposed  that  the  disturKincc  de|>CQ()s 
upon  a  middle-car  affection.  If  we  remember  the  intimate 
relation  between  the  venous  circulation  within  the  turbinated 
bodies  and  the  venous  return  current  from  the  cochlea,  we 
can  easily  understand  how  a  turgcsccnce  of  the  nasal  mucous 
membrane  will  cause  a  venous  stasis  within  the  labyrinih- 
No  better  proof  can  be  afforded  that  this  is  the  case  than  (lie 
marked  relief  to  subjective  noises  often  observed  when  the 
turbinated  tissues  are  exsanguinated  by  the  use  of  cocaine. 

The  duration  of  the  affection  and  its  progress  also  aid  us 
in  determining  its  site.     Primary  lesions  of  the  perceptive 
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apparatus  either  remain  quiescent  or  improve  to  a  certain 
extent  spontaneously  as  time  progresses,  excepting,  of  course, 
those  dependent  upon  a  specific  inflammation.  Secondary 
changes  within  the  receptive  apparatus,  organic  in  character, 
arc  usually  due  to  some  chronic  affection  of  the  middle  car 
either  of  the  same  or  opposite  side.  When  the  opposite  or- 
gan is  primarily  affected  the  impairment  of  function  advances 
rapidly,  as  a  rule,  and  here  the  history  o(  previous  tympanic 
disease  renders  diagnosis  clear.  The  character  of  the  subjec- 
tive noises  is  of  aid  in  locating  the  lesion,  in  thai  the  particu. 
lar  character  of  tlie  sound  points  to  the  special  part  of  the 
labyrinth  involved.  Ahnost  invariably  in  the  secondary  laby- 
rinthine changes  due  to  chronic  suppurative  or  mmsuppura- 
tive  otitis  media  the  subjective  noises  are  high-pitched  in  char- 
acter, and  assume  a  deeper  quality  only  after  they  have  per- 
sisted for  a  long  period.  The  complete  cessation  of  tinnitus 
in  these  secondary  cases  probably  indicates  that  the  laby- 
rinthine invasion  has  ceased  to  progress,  and  the  length  of 
lime  during  which  the  patient  has  been  Irce  from  subjective 
noises  is  of  aid  in  determining  the  probability  of  restoring 
the  |>arts  to  their  normal  condition  by  treatment.  Vertigo,  if 
severe,  points  to  a  sudden  and  considerable  disturbance  with- 
in the  perceptive  mechanism,  as  at  the  onset  of  an  attack,  or 
to  an  aggravation  of  an  existing  condition.  Repeated  attacks 
ol  giddiness  of  a  mihi  character  would  indicate  that  at  these 
periods  the  labyrinthine  structures  or  the  higher  centres 
were  subjected  to  some  unusual  stimulation  cither  from  the 
tympanum,  from  intracranial  changes,  or  of  a  reflex  character 
from  some  visceral  derangement.  The  effect  of  continued 
stimulation  of  the  nervous  mechanism  by  sonorous  vibrations 
— as  when  the  patient  is  subjected  to  the  noise  of  a  railway 
train  for  a  number  of  hours,  or  has  taxed  himself  lo  the  ut- 
most in  listening  to  conversation  which  it  has  been  difficult 
for  him  to  hear— is  of  value  in  diagnosis.  Prolonged  excita- 
tion of  any  nerve,  at  length  renders  it  less  susceptible  to  the 
particular  stimulus  which  has  fatigued  it.  When  the  nerve 
structures  arc  in  an  abnormal  condition  they  become  fatigued 
more  easily  than  when  in  a  state  of  health  ;  and  a  patient  will 
often  be  found  to  be  more  deaf  after  a  prolonged  railway  jour. 
ncy  than  when  he  has  been  comparatively  quiet.  Physical 
fatigue  may  indirectly  bring  about  the  same  result.  It  is 
sometimes  said  that  the  paracusis  WilUsii  is  characteristic  of 
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involvement  of  the  nervous  apparatus.  This  may  be  true 
when  the  patient  is  subjected  to  a  noise  for  a  short  lime;  bui 
if  the  stimulation  Lt  continued,  the  nerve  becomes  fatigued 
and  less  responsive  to  stimuli.  The  reverse  takes  place  when  ■ 
the  nerves  preserve  their  integrity  and  the  conducting  mech- 
anism is  at  fault. 

The  determination  of  the  special  part  of  the  perceptive 
mechanism  involved  must  remain  a  matter  of  doubt  in  a  cer- 
tain  proportion  of  cases.     In  general,  it  may  be  said  that  the 
history  of  a  previous  middle-ear  affection,  of  an  acute  infec- 
tious disease,  or  of  a  traumatism  with  a  slight  impairment  of 
hearing,  points  to  an  involvement  of  the  labyrinth.     On  the 
other  hand,  where  we  have  symptoms  referable  to  the  ear 
in  cases  giving  a   history  of  severe  injury  followed    by  an 
involvement  of  the  intracranial  structures,  as  evidenced  by 
other  symptoms,  or  where  there  are  other  manifestations  of 
cerebral  disturbance  at  the  time  of  the  examinaiinn^such  as 
local  paralysis,  psychic  phenomena,  etc. — wc  should  suppose 
that  the  auditory  cortical  centres  had  suffered.     An  aflcciion 
of  the  trunk  of  the  nerve  should  be  suspected  when  the  im- 
pairment is  to  an  extent  uniform,  or  affects  particularly  the 
perception  of  those  sounds  to  which  the  ear  is  most  frequently 
subjected,  since,  when  all  the  fibres  of  the  trunk  are  involved, 
the  hbres  which  are  most  constantly  used  wilt  be  most  seri- 
ously afTccted.     Marked  variations  in  sound  perception  <l^ 
pendent  upon  excitement,  fatigue,  disturbance  of  the  prima 
vise,  etc..  would   characterize    the  aural   affection   as  rcflei. 
Bearing  these  viirious  points  in  mind,  we  should  always  se- 
cure the  general  history  in  every  case  of  aural  disease,  so  aj 
to  obtain  data  which  will  yield  the  desired  information. 
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CHAPTER  XXXIII. 


THE  EXAMINATION   OF  THE  STATIC   L/\BVR1NTH. 


The  Static  lab>Tinth  consists  of  the  vestibule  and  the 
three  serai-circular  canals.  The  semi-circular  canals  are,  as 
stated  in  the  diapter  on  anatomy,  placed  in  the  three  planes 
of  the  body,  the  horizontal  semi-circular  canals  l>'ing  in  the 
horizontal  plane,  the  superior  semi-drcular  canals  lying  in  the 
vertical  transverse  plane,  and  the  posterior  semi-circular 
canals  lying  in  the  anteroposterior  vertical  plane.  It  is  by 
virtue  of  these  semi-circular  canals  that  the  subject  is  con- 
scious of  his  position  in  space. 

Again  referring  back  to  the  chapter  on  anatomy,  it  will 
Ijc  remembered  that  only  one  end  of  each  semi-circular 
canal  is  ampuUatcd,  and  that  it  is  in  the  ampullae  of  each 
canal  that  we  have  the  hair  cells  which  represent  the  terminal 
filaments  of  the  vestibular  branch  of  the  eighth  nerve.  In 
considering  the  functions  of  these  canals,  however,  we  have 
simply  to  deal  with  the  ampullated  extremities  of  the  canals, 
as  these  extremities  only  contain  the  end  organs.  It  must 
also  be  remembered  that  the  semi-circular  canals  on  the 
opposite  sides  of  the  body  may  be  considered  as  a  con- 
tinuous system .  In  each  of  the  canals  the  ampullated 
extremity  of  tlie  canal  is  always  outward.  Each  horizontal 
canal  ojjens  by  a  .single  ampulla  into  the  vestibule.  The 
suiserior  and  posterior  semi-circular  canals  each  have  an 
ampidlated  extremity  situated  outward,  and  opening  into 
the  vestibule,  while  the  two  unampullated  extremities  of 
these  canals  enter  the  vestibule  through  the  crus  communis. 

Each  canal  system  can  be  easily  illustrated  for  pur- 
poses of  demonstration  by  the  following  method: 

If  the  forearms  are  flexed  with  the  hands  clasped  behind 
the  head,  the  plane  of  the  fon-arms  will  represent  the  plane 
of  the  horizontal  »cmi-circular  canals,  and  the  flexed  elbow 
will  represent  the  ampullated  extremities  of  these  canals,  the 
left  elbow  rqiresenting  the  left  ampulla,  and  the  right  elbow 

IMO 


Pic.  158.— Positien  of  ftrms  illustrating  the  horizontal 
8cmi-circular  canal  sj^teni. 

position  represent  the  superior  semi-circular  system,  the  left 
elbow  representing  the  ampulla  of  the  left  canal,  and  the 
right  elbow  the  ampullated  extremity  of  the  right  canal 
(see  Fig.  159).     If  the  hands  are  again  clasped,  the  elbov^ 


Fig.  IS9. — Poaition  of  arms  illustrating  superior 
semi-circular  canal  system. 

flexed,  and  are  then  placed  in  the  anteroposterior  plane  of 
the  head,  and  the  hands  placed  upon  the  top  of  the  head, 
and  the  amis  placed  in  the  anteropo.sterior  plane  of  the  body, 
we  have  the  same  representation  of  the  posterior  semi- 
circular canals,  that  is  those  canals  located  in  the  vertical 
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anteroposterior  plane,  the  left  elbow  representing  the  ampulla 
of  the  left  vertical  canal,  and  the  right  elbow  representing 
the  ampulla  of  the  right  vertical  canal. 

Another  way  of  representing  these  canals  graphically  is 
by  holding  the  hand  of  the  corresponding  side  in  the  hori- 
aontal  position  with  the  palm  upward.  The  other  hand  is 
then  flexed  at  right  angles  at  the  metacarpo-phalangeal  joint 
and  is  placed  upon  the  flattened  palm  of  the  other  hand,  the 
ulnar  aspects  of  the  hands  being  in  apposition  (see  Fig.  i6o). 


\. 


\' 
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Pig.  i6o.— Porition  of  hnndfli  txinrcsfrntinic  the  three  senu-circular 
(Titaals  of  the  Icfl  siuc. 

The  extended  palm,  wc  will  say  of  the  left  hand,  then 
represents  the  left  horizontal  semi-circular  canal,  and  the 
thecar  eminence  the  ampullated  extremity  of  this  canaL 
Of  the  flexed  right  hand  superimposed,  the  flexed  fingers 
represent  the  left  suiwrior  semi-circular  canal,  while  the  hand 
itself  represents  the  left  posterior  semi-circular  canal.    In  order 
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to  demonstrate  the  canals  upon  the  opposite  side  the  position 
of  the  hands  is  simply  reversed,  the  right  palm  being  held 
horizontally  upward,  and  the  left  hand  being  flexed.  These 
two  methods  enable  one  to  keep  more  clearly  in  mind  the 
relative  positions  of  the  semi-circular  canals.  It  is  impCMtant, 
especially  for  the  beginner,  to  have  some  graphic  represen- 
tation of  this  kind  in  mind,  as  otherwise  he  is  apt  to  become 
confused.  a 

Referring  again  to  the  anatomical  portion  of  this  work, 
there  will  be  found  in  Plate  VI  a  diagrammatic  representa- 
tion of  the  distribution  of  the  auditory  nerve.  Referring 
to  the  vestibular  branch  of  this  nerve,  it  wiU  be  seen  to  arise 
from  two  nuclei  in  the  medulla,  the  dorsal  nucleus,  and  Deiters' 
nucleus.  In  addition  to  these  there  is  a  third  nucleus  known 
as  Bechterew's  nucleus  in  the  medulla.  These  three  nuclei 
are  the  nuclei  of  origin  of  the  vestibular  branch  of  the 
auditory  nerve.  Without  going  into  the  subject  too  deeply, 
it  is  important  for  the  clinician  to  remember  that  from 
these  various  nuclei  certain  fibers  pass  to  the  olivary  body  of 
each  side  and  from  here  to  the  cerebellum.  Fibers  also  pass 
from  these  vestibular  nuclei  to  the  region  of  the  third,  fourth 
and  sixth  nerves.  Other  fibers  pass  to  the  pons  and  to  the 
tegmentum,  while  still  others  pass  downward  into  the  spinal 
cord.  Up  to  the  present  time  it  has  been  impossible  to 
trace  any  fibers  passing  from  these  nuclei  to  the  cerebral 
cortex.  Owing  to  this  wide  distribution  of  fibers  from  the 
vestibular  nuclei  it  has  seemed  rational  that  stimulation  cf 
the  vestibular  fibers  in  the  semi-circular  canals  would  give 
rise  to  certain  muscular  phenomena  dependent  upon  these 
fibers  of  communication.  In  other  words  certain  definite 
muscular  movements  should  be  eUcited  by  vestibular  stimu- 
lation. The  experiments  of  Neumann  and  Barany  have 
put  this  supposition  upon  a  firm  clinical  basis.  Physiological 
experiments  had  before  this  determined  the  fact  that  stimu- 
lation of  the  semi-circular  ampullae  would  give  rise  to  motion 
of  the  eyes.     These  experiments  were  first  made  by  Hoyges. 

From  an  experiment  by  Hoyges  it  was  learned  that  upon 
stimulation  of  the  horizontal  semi-circular  canal  by  a  move- 
ment of  the  labyrinthine  fluid  toward  the  vestibule,  certain 
definite  responses  take  place  in  the  ocular  muscles.  If 
the  fluid  in  the  left  horizontal  semi-circular  canal  was  moved 
toward  the  ampullae,  as  the  result  of  this  stimulation  there 


STIMTLATION  OF  AMPULLAE 


605 


]  would  be  a  movement  of  adduction  in  the  left  eye,  and  of 
abduction  in  the  right  eye.  This  would  mean  a  slow  devia- 
tion  of   the  eyes   to   the   right.     Tlicse   experiments   were 

I  carried  out  in  the  physiological  laboratory,  and  for  a  time 
aroused  but  Httle  attention  as  they  did  not  seem  to  be  of 
much  practical  value. 

It  became  necessary  to  discover  some  means  by  which 
the  various  ampullae  could  be  stimulated  in  the  human  sub- 
ject if  use  was  to  be  made  of  this  physiological  fact.  Von 
Stein    and    later    Neumann    conceived    the    possibility    of 

I  stimulating  the  various  semi-circular  canals  by  the  rotation 
of  the  t)ody  aroimd  a  horizontal  axis.  As  the  semi-circular 
canals  are  filled  with  cerebro-spinal  fluid,  it  was  evident 
that,  if  the  body  were  rotated  rapidly  for  a  ceri;ain  number  of 
seconds,  we  will  say  in  the  horizontal  plane,  gradually  the 
inertia  of  the  fluid  in  the  canals  lying  in  the  plane  of  rotation 
would  be  overcome,  and  the  entire  fluid  contents  of  the 
canals  would  participate  in  the  rotation  of  the  body. 
If,  now,  the  rotation  of  the  body  was  suddenly  stopped, 
the  fluid  in  the  canals  on  account  of  its  inertia  would 
still  continue  to  move  for  a  certain  period  of  time.  By 
the  movement  of  this  fluid  at  the  time  that  rotation 
ceases  the  hair  cells  in  the  ampulla  on  the  side  from 
which  the  rotation  was  made  would  be  bent  toward  the 
ampulla,  wliile  the  hair  cells  upon  the  opposite  side,  or  the 
side  toward  which  the  rotation  was  made,  would  be  bent 
away  from  the  ampulla.     In  the  horizontal  semi-circular 

I  canal,  as  already  mentioned  in  speaking  of  the  experiments 
of  Hoyges,  it  was  found  that  when  the  hair  cells  moved 
toward  the  ampulla,  the  stimulation  of  the  combined  oculo- 
motor centers,  that  is  the  centers  of  the  third,  fourth  and 
sbtth  nerves,  caused  a  slow  deviation  of  the  eyes  toward  the 
side  to  which  rotation  was  directed.  This  deviation  of  the 
eye  was  called  •  nystagmus,  and  the  slow  motion  was  known 
as  the  vestibular  component  of  the  nystagmus.  With  the 
conscious  stibject,  however,  this  slow  motion  of  the  eyes  is 
not  observed,  or  is  only  observed  with  difficulty,  because  as 
the  result  of  the  action  of  the  higher  centers,  we  have  to 
deal  with  a  much  more  visible  and  easily  demonstrable 
phenomenon  known  as  the  cerebral  component  of  the 
nystagmus.  With  the  conscious  subject,  when  the  basal 
nuclei  tend  to  deviate  the  eyes,  we  will  say,  to  the  right,  the 
cerebral  function  recognizing  this  deviation,  attempts  to 
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bring  the  eyes  back  to  the  normal  position,  and  this  prodnoes 
the  second  phase  of  the  nystagmus,  known  as  the  cerebral 
phase,  or  the  quick  component.  In  speaking  of  nystagmus  it 
is  the  quick  component  with  which  wc  alw-ays  concern  our- 
selves. This  quick  component  is  most  easily  demonstrated 
if  the  eyes  are  turned  away  from  the  direction  of  the 
nystagmus  produced  by  the  stimulation  of  the  vestibular 
nuclei.  To  give  an  example,  if,  when  tlie  head  ts  held  so 
that  the  horizontal  semi-circular  canals  He  in  the  horizontal 

plajie.  which  means  that 
the  head  is  bent  about 
thirty  degrees  forward, 
the  patient  is  rotated 
ten  limes  to  the  right, 
at  the  end  of  the  turn- 
ing, the  fluid  in  the  left 
semi'CircuIar  canal  will 
be  moving  toward  the 
left  ampulla,  and  in  the 
right  semi-circular  canal 
will  be  moving  away 
from  the  right  ampulla. 
This  vn\]  bond  the  hair 
cells  in  the  left  ampulla 
toward  the  ampulla,  and 
will  bend  the  hair  ccQs 
in  the  right  ampulla 
away  from  the  ampulla. 
This  means  that  the  left 
ampulla  is  stimulated, 
while  the  irritability  of 
tlie  righr.  an»pulla  be- 
comes less  than  normal. 
The  combined  oculo* 
motor  centers  upon  the  left  side  naturally  become  plus, 
while  those  on  the  right  side  naturally  become  minus,  and 
this  means  a  slow  deviation  of  the  eyes  to  the  right  (see  Fig. 
l6l).  If,  now.  the  jjatient  opens  his  eyes  and  looks  to  the 
left,  the  cerebral  component  of  the  nystagmus  at  once 
becomes  evident,  and  we  have  a  quick,  sharj)  motion  of  tJie 
eyes  to  the  left.  Of  course,  this  quick  motion  of  the  eyes 
to  the  left  will  be  seen  when  the  patient  looks  straight  oliead, 
but  it  becomes  more  pronoimeed  if  he  looks  in  the  diTection 
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Fig.  ifii.— DiagTMn  iHtistradng  thereeultins 
nystagmus  upon  roUilt'.ni  vi  llic  cKtticnt  to 
the  riEht,  the  ht-ovj  being  hula  so  as  to 
briiift  Ihe  hcnsnntal  canals  into  the  piano 
u(  mtatToti. 
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opposite  to  that  in  which  he  was  rotated,  that  is  if  by 
voluntary  effort  he  attempts  to  overcome  the  stimulation  of 
the  oculo*motor  nuclei  caused  by  the  rotation.  The  dunition 
of  this  nystaymiis  in  the  direction  opposite  lorotation  varies  in 
different  instances.  The  average  duration  is  about  twenty- 
five  to  thirty  second.s,  or  may  last  five  or  si.x  seconds  more  than 
this,  or  may  fall  three  or  four  seconds  below  this,  but  between 
twenty-two  and  thirty-five  seconds  can  be  set  down  as  the 
normal  time  of  after  nystagmus. 

This  test,  as  will  be 
seen,  enables  us  to  dem-  SLOW 
onstrate  the  integrity  ^ 
of  the  combined  vestib- 
ular apparatus  on  the 
two  sides  as  far  as  the 
horizontal  semi -circular 
canal  is  concerned  in  as 
far  as  stimulation  of 
these  canals  affects  the 
ocular  movements.  This 
nystagmus  is  horizontal 
in  direction,  and  it  must 
be  rememljcrod  ihat  all 
nystagmus  following 
stimulation  of  any  of 
the  semi-circular  canals 
takes  place  in  the  plane 
of  rotation,  where  this 
stimulation  is  brought 
about  by  rotation. 

We  have  mentioned 
earlier  in    this   chapter 
that    certain    fibers 
pass  from   the  vestibule 
spinal  cord. 


C\^ 
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FiO.  l6a. — Diagrun  iltustnitinj  the  resuUing 
nystaernus  upon  rotaiiun  of  the  patirat  to 
the  lofl.  Llie  liMil  Uiting  !it:M  s«  as  to 
lirint;  the  hmriEonlu]  ainalsinU*  Lite  phmc 
of  rctatiioR. 


to  the  cerebellum  and  to  the 
It  seems  rational,  therefore,  that  stimulation 
of  the  semi-circular  canals  should  cause  certain  phenomena 
in  the  movements  of  the  extremities,  and  this  we  find  to  be 
a  fact.  In  other  words,  after  stimulation  of  the  semi-circular 
canals  by  rotation  or  otherwise,  we  have  certain  definite 
variations  in  voluntary  body  movements  as  the  result  of 
this  slimulation.  In  othtT  words  we  have  over  pointing. 
If  in  the  noniial  subject  the  eyes  are  closed,  and  the  subject 
brings  his  index  finger,  the  oUicr  fingers  being  flexed  in  the 
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ith  the  finger  of  the  examiner,  and 
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palm,  in  contact 
then  told  to  raise  his  arm  qtiickly  above  his  head  and  bring 
his  finger  down  in  the  vertical  plane  so  as  to  touch  the  ex- 
aminer's finger,  wc  find  that  he  is  able  to  do  this  •without 
any  diffiatlty.  In  other  words,  under  nomiaJ  conditions 
there  is  no  over  pointing.  Tliis  lack  of  deviation  also  occur 
in  pointing  in  the  horizontal  plane.  The  hand  can  be 
carried  out  to  the  side,  the  ami  carried  at  right  angles  to  the 
body,  and  then  swept  inward,  always  finding  tlie  examiner's 
finger.  In  the  same  way  with  the  lower  extremities,  if  tbc 
patient  is  told  to  raise  the  lower  extremity  and  touch  ihc 
examiner's  finger  with  the  toe,  he  is  able  to  do  this  under 
normal  conditions  without  any  difficulty.  Now  suppose 
that  we  make  this  same  experiment  after  rotation  in  the 
horizontal  plane,  and  I  am  confining  myself  at  present  to 
dealing  with  the  horizontal  semi-circular  canal  to  prevent 
confusion.  At  the  end  of  rotation  it  will  be  found  that 
when  the  patient  attempts  to  touch  the  examiner's  finger, 
he  is  unable  to  do  so,  but  will  persistently  over  point  or  past 
point  the  examiner's  fingei'  in  the  direction  of  rotation, 
that  is.  if  he  has  been  rotated  to  the  right,  he  will  persis- 
tently over  point  to  the  right  with  both  hands,  and  also 
with  both  lower  extremities.  Also  if  allowed  to  step  quickly 
from  the  rotating  chair,  he  vnU  fall  to  the  right.  The 
explanation  of  this  seems  to  l>e  that,  when  the  patient  has 
been  rotated  to  the  right,  and  this  rotati<jn  suddenly  ceases. 
subjectively  objects  seem  to  be  moving  to  the  left.  He 
attempts  to  overcome  this  by  moving  to  the  opposifc 
direction,  hence  he  falls  to  the  right,  and  over  points  to  the 
right. 

I  have  tried  to  make  clear  here  that  by  this  process  o( 
rotation  we  have  a  means  of  determining  the  integritv  of 
the  semi-circular  canals,  that  is  of  the  end  organ  of  the 
static  TXtrtion  of  the  auditory  nerve,  and  also  the  integrity 
of  certain  nerve  fibers,  namely  of  the  entire  vestibular 
branch  of  the  eighth  nerve,  and  also  those  fibers  of  com- 
munication running  from  the  nuclei  of  the  eighth  nerve  to 
the  oculo-motoT  nuclei  (so  called  for  convenience),  and  also 
the  integrity  of  fibers  rujining  down  to  the  siiinal  oord.  In 
other  words  this  method  of  rotation  enables  us  to  determine 
not  only  lesions  of  the  end  organ  of  the  vestibular  nerve,  but 
also  lesions  of  the  nerve  trunk  and  of  communicating  fibers 
within  the  brain. 
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In  order  to  carry  out  these  experiments  so  as  to  make  use 
of  ihfm  clinically,  it  is  necessary  to  have  a  rotating  chair, 
one  with  a  firm  base  so  that  after  rotation  the  patient  will 
not  topple  the  chair  over,  and  moreover,  one  in  which  the 
rotation  can  be  stopped  suddenly  without  overturning  the 
chair.  Some  observers  prefer  a  chair  which  can  be  fitted 
with  an  automatic  brake.  I  have  never  found  thin  elaborate 
device  necessary.  In  performing  the  rotation  it  is  well 
for  the  observer  to  stand  behind  the  patient  as  he  is  less 
apt  to  become  confused  as  to  the  direction  of  the  rotation 
if  the  patient  and  him- 
self are  looking  in  the 
same  direction.  Stand- 
ing bfhind  the  patient, 
tlic  diair  is  turned  ten 
times  in  ten  seconds, 
or  ten  times  in  twenty  ^/5 
seconds,  the  exact 
length  of  timenotbeing 
particularly  material. 
The  rotation  of  the 
chair  is  then  suddenly 
stopixrd,  and  the  obser- 
vations made. 

So  far  we  have  dealt 
only  with  the  hori- 
zontal semi  -  circular 
canal.  It  is  naturally 
necessary,  if  we  are  to 
test  the  other  semi- 
circular canals  by 
rotation,  to  bring 
those     canals     into 
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FiO-  iftj.— Diasram  illuetrftling  th*  rwultiag 
nysugmus  upon  miation  u{  the  p«ticiit  to  the 
nght,  thf  head  being  ioclined  60  decrees  for- 
ward so  as  iti  bring  ibe  superior  semi-circulitr 
Ciuials  into  the  plane  of  rotalion- 


the  plane  of  rotation  in  order  to  make  the  test.  The  graphic 
representations  of  the  positions  of  the  various  semi-circular 
canals  are  depicted  in  figures  158  and  159.  It  will  be  seen 
that,  in  order  to  stimulate  the  superior  semi-circular  canal, 
the  head  must  be  bent  forward  at  an  angle  of  90  degrees. 
This  will  bring  the  sui)erior  semi-eircular  canal  in  the  liori- 
zontal  plane.  If,  now,  the  patient  is  rotated  to  the  right, 
at  the  end  of  the  turning  we  will  have  a  quick  nystagmus  to 
the  left  fsee  Fig.  16.1),  we  will  have  falling  to  the  right,  and 
over  pointing  to  the  right.    This  may  at  first  seem  confusing 
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l>ec:iuse  in  this  instance  the  direction  of  the  fluid  in  the 
semi-circular  canal  will  l>c  away  from  Uie  left  ainpulla.  and 
towan3  the  right  anipulla.  It  has  simply  been  demonstrated 
l>y  physiological  exiKrriments  that  in  the  case  of  the  superior 
semi-circular  canals  the  motion  of  the  fluid  away  from  the 
ampulla  causes  the  stimulation  of  the  corresponding  oculo- 
motor center,  while  tlie  [notion  toward  the  ampulla  renders 
this  center  less  irritable.  Tins,  of  course,  is  directly  opposed 
to  what  occurs  in  the  horizontal  semi-circular  canals. 

It  natiu-ally  goes  without  saying  that  the  superior  semi- 
j^^n/.  circular  canal  can  also 

^'Oife^?*  be  stimulated  by  bend- 
-^?^  ing  the  head  backward 
90  degrees,  thus  I  ring- 
ing the  superior  semi- 
circular canals  in  the 
horizontai  plane.  This 
posiiion,  however,  is 
extremely  uncomfort- 
able to  the  patient. 
As  wcwiU  see  by  figure 
1 64,  if  the  head  is  bent 
backward  instead  of 
forward,  the  direction 
of  the  nystagmus,  as 
well  as  of  theover  point- 
ing, will  be  reversed, 
as  under  these  con- 
ditions the  Quid,  if  the 
jiatieiit  is  turned  to 
the  right,  will  be 
moving  toward  the 
left  ampulla,  and  away 
from  the  right  am- 
pulla. 
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PiO.  164.. — Diasram  iUiuilrating  the  rcsiillins 
nystagmus  iipcin  nikitiDn  of  the  p;itii-nt  to  the 
tvht,  the  l]va<J  being  bent  backward  so  as  to 
bnuR  Uie  euporior  stnni-circular  c&uuls  inlo  Ihv 
pl(uio  of  rotation. 


It  mil  be  seen  from  what  has  gone  before  that  the  preser- 
vation of  equilibrium  and  the  lack  of  any  rhythmic  movement 
of  the  eyes  depend  upon  the  absolute  balance  of  the  vestibular 
apparatus  upon  each  side. 

Under  certain  pathological  conditions  the  static  labyrinth 
of  one  side  may  be  destroyed  completely  by  disease,  or  the 
vestibular  portion  of  the  nerve  may  be  destroyed,  or  the 
basal  nuclei  prevented  from  performing  theu-  functions  as 
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the  result  of  some  pathological  process.  Under  any  of 
these  conditions  the  palient  will  suffer  from  severe  vertigo 
and  spontaneous  nysLigmuy  willi  a  quick  movement  lo  tlie 
healthy  side,  over  pointing  to  the  diseased  side,  and  falling 
to  the  diseased  side.  These  symptoms  persist  for  varying 
periods  of  time,  but  naturally  they  do  not  laSt  forever.  For 
a  diagrammatic  representation  of  the  mechanism  of  these 
manifestations  see  figure  165.  In  time  the  healthy  labyrinth 
takes  up  the  function  of  the  one  destroyed  by  disease.  In 
other  words  compen- 
sation takes  place 
here  as  it  does  in 
every  part  of  the  body. 
The  patients  then  lose 
their  vertigo,  nystag- 
mus, over  pointing, 
and  in.slability. 

It  must  he  remem- 
bered in  considering 
the  investigations  of 
the  static  apparatus 
by  turning  that  this 
turning  affects  both 
labyrinths  at  the 
same  time,  that  is 
when  the  fluid  pas.scs 
from  one  ampulla, 
stimulating  this,  it 
exerts  an  opposite 
effect  on  the  ampulla 
of  the  other  side, 
rendering  this  less 
irritable  and  magnifying  twofold  the  stimulation  upon  the 
opijositc  side.  When  we  come  to  lest  a  patient  with  a  dead 
labyrinth  by  means  of  turning,  after  all  subjective  and  objec- 
tive symptoms  with  reference  to  the  static  labyrinth  have 
disappeared,  we  find  that  there  is  verj'  little  difference  in 
the  duration  of  the  after  nystagmus  where  the  patient  is 
rotated  either  toward  the  diseased  side  or  away  from  the 
diseased  side.  The  absolute  duration  of  the  nystagmus  is 
short,  but  the  time  of  the  .afliT  nystagmus  does  not  vary 
beyond  the  physiological  variation.  The  rotation  test, 
however,  would  leave  us  comparatively  in  the  dark  as  the 
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Fio.  165.— Diagmm  illuBtralingBpontaneous  nys- 
tagmus when  the  led  labyrinth  is  dead. 
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presence  of  a  dead  lab>Tinth  after  compensation  had  taken 
place.  We  must,  therefore,  have  some  means  of  testing 
each  static  labyrinth  separately,  and  this  method  was  given 
us  by  Barany,  making  use  of  the  caloric  t«st.  We  know 
that  if  we  have  a  vessel  full  of  fluid,  and  then  apply  heat  to 
the  walls  of  the  vessel,  a  ciurenl  will  be  established  in  the 
fluid,  the  warmer  particles  tending  to  rise  to  the  siirface 
(see  Fig.  166).  Similarly,  if  we  cool  the  side  of  the  vesseJ,  a 
downward  current  will  be  established  in  the  fluid,  the  colder 
particles  of  the  fluid  tending  to  sink  (Fig.  167).  This  gives 
us  a  means  of  testing  eacli  labyrinth  separately.  If,  with 
the  patient  in  the  upright  position,  we  syringe  one  ear  with  a 
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Fig.  rfifi. — Diagn'"^  illustrating  the 
upward  cufTCnt  produced  in  fluid 
wnen  Uie  outside  of  the  vessel  is 
heated. 


Pig.  167.— OUgram  illustntine  Ibe 
downward  nirreot  produra  in 
fluid    when  tl>e  outside  of  Ifae     ■ 


vesiel  is  oooied. 


fluid  considerably  higher  in  temperature  than  the  body 
temperature,  we  have  an  upward  current  established  in  the 
superior  semi-circular  canal,  this  current  moving  away  from 
the  ampulla,  stimulating  the  oculo-motor  centers  of  the 
same  side.  This  gives  us  a  slow  motion  of  the  eyes  away 
from  the  ear  syringed,  and  a  quick  component  of  the 
rotatory  nystagmus  in  the  direction  of  the  side  tested  (see 
Fig.  168).  The  patient  similarly  will  over  point  to  the 
opposite  side,  that  is  in  the  direction  of  the  s!ow  move- 
ment of  the  eyes,  and  will  also  tend  to  fall  to  that  side. 
Similarly,  if  the  ear  is  syringed  with  water  at  a  temperature 
tower  than  that  of  the  body,  a  rotatory  nystagmus  will  be 
produced.  In  this  case  the  motion  of  the  fluid  current  is 
toward  the  ampulla,  and  in  the  superior  semi-circular  canal 
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we  remember  that  when  this  occurs,  the  canal  is  rencU'red 
less  irritable.  The  opposite  center  then  becomes  plus  with 
a  slow  motion  of  the  eyes  toward  the  side  syringed.  The 
quick  component  of  the  nystagmus  will  be  rotatorj'  in  charac- 
ter and  toward  the  opposite  side  (Fig.  1 69) .  The  over  pointing 
and  falling  vnW  occur  toward  the  side  syringed. 

The  irritability  of  the  labyrinth  to  caloric  stimulation 
varies  considerably  in  different  cases.  Naturally  the  caloric 
reaction  will  be  greater,  and  will  be  more  pronounced  the 
more  the  temperature 
of  the  water  varies        Oi^^jgSt**"'^  y-y 
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from  the  normal  tem- 
jjerature  of  the  body. 
The  degree  of  irrita- 
bility of  the  labyrinth 
can  be  roughly  de- 
termined by  noting  the 
difference  in  this  tem- 
perature variation,  that  x 
is  whether  very  warm 
or  very  cold  water  has 
to  be  used  to  produce 
the  reaction,  and  also 
the  length  of  time  that  HOT 
the  ear    has    to    be  SYRINGING 

irrigated  before  the  ^ > 

reaction    appears,    as 

well   as  the    length    of   p^^,^  ,68.-Dia(cram  illustrating  the  iiyst«giiii» 
time  that  the  reaction       produced  wbui  Uuc  kit  cor  u  syringed  with 

persists.     Under  nor-     '■«»*^^- 

mal  conditions  one  syringe  full  of  water  cooled  with  ice  will 
bring  on  a  nystagmus  almost  immediately,  and  tliis  nystagmus 
will  persist  for  from  one  to  two  minutes  or  sometimes  longer. 
As  cold  water  is  much  better  borne  by  the  ear  than  hot  water, 
the  reaction  produced  by  cold  is  usually  more  pronounced  tlian, 
that  produced  by  heat. 

We  find  certain  cases,  particularly  those  suffering  from 
some  lesion  of  the  central  ner\'ous  system,  in  which 
spontaneous  nystagmus  in  one  or  both  directions  occurs. 
If.  for  instance,  wc  have  a  spontaneous  nystagmus  toward 
the  right,  this  would  naturally  mean  a  dead  labyrinth 
on  the  left  side.  How  arc  we  to  detominc  whether  the 
function  of  this  labyrinth  is  absolutely  destroyed  or  not? 
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Manifestly  syringing  the  ear  with  cold  water  will  not  ^d 
us  for  this  would  produce  a  nystagmus  to  the  right,  and  it  is 
hard  to  tell  in  any  case  whether  the  nystagmus  is  increased 
by  the  test.  If.  however,  in  such  a  case  we  5>Tinge  the  left 
ear  with  water  as  hot  as  it  can  be  borne,  if  the  labyrinth  still 
remains  active,  the  spontaneous  nystagmus  to  the  right 
will  be  either  ablated  or  considerably  diminished,  or  if  the 
activity  of  the  labjTinth  is  normal,  there  will  be  found 
produced  a  nystagmus  to  the  left  side.    This  enables  us  to 

determine  the  absolute 
or  partial   destruction 
SLOW  ^^^''/>      of  any  labyrinth  in  any 

■MOVEMENT^  ^'^i-    gjven  instance.     In 

certain  cases  of  intra- 
cranial lesion  we  may 
have  spontaneous 
nystagmus  in  each 
direction,  and  here  the 
same  test  will  apply, 
that  is  syringing  one 
ear  with  cold  water 
will,  if  the  lab)Tinth 
is  irritable,  ablate  the 
nystagmus  toward  the 
side  sjTinged,  and  in- 
crease the  nystagmus 
to  the  opposite  side. 

In  certain  cases  it  is 
necessary  to  test  the 
relative  irritability  of 
each  labyrinth.  This 
can  be  done  by  adouble 
caloric  test,  that  is  making  use  of  an  irrigator  provided  niUi 
a  double  discharge  tube,  and  allowng  water  to  flow  into  both 
external  auditory  canals  at  the  same  time.  This  u-ill  cleariy 
show  wliich  labyrinth  is  the  more  irritable.  Naturally  in 
normal  cases  this  experiment  would  be  followed  by  no 
nystagmus,  but,  if  one  labyrinth  is  more  irritable  than  the 
other,  the  nystagmus  will  occur  away  from  the  side  of  the 
more  irritable  labyrinth,  if  cold  water  is  used,  or  toward  the 
side  of  the  more  irritable  labyrinth,  if  hot  water  is  used. 

Another  reaction  which  is  also  of  value,  particularly  in 
cases  of  lesions  of  the  auditory  nerve  trunk,  is  the  galvanic 
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Fig,  169, — Diagram  illgslrating  llie  rwulling 
oyxLiKmus  when  the  left  «ar  is  syringed  with 
cold  water. 
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reaction.  To  apply  this  test  we  make  use  of  the  galvanic 
current,  employing  about  forty  volts  of  current,  and  applying 
a  large,  flat  electrode  to  some  neutral  ]K)int  such  as  the  palm 
of  the  hand,  while  the  other  electrode  is  placed  over  the  ear 
tested.  It  will  be  found  on  passing  the  ciirrent  that  a  rotatory 
nystagmus  will  occur  toward  the  side  to  which  the  cathode  is 
applied,  this  nystagmus  being  more  pronounced  if  the  patient 
is  directed  to  look  upward  and  outward,  toward  the  side 
tested.  It  requires  about  eight  or  ten  milliampercs  of  ciu-- 
rcnt  in  normal  cases,  and  even  this  may  sometimes  not 
produce  a  nystagmus  if  the  labyrinth  and  auditory  nerve 
trunk  arc  normal.  If  the  labyrinth,  or  particularly  if  the 
nerve  trunk  is  abnormally  irritable,  a  current  of  even 
two  or  three  milliamperes  wilt  produce  a  nystagmus.  If 
the  anode  is  applied  to  one  side,  the  nystagmus  will 
occur  in  the  opposite  direction,  that  is  when  the  patient 
looks  upward  and  outward  away  from  the  ear  to  which 
the  electrode  is  applied.  The  relative  irritability  of  each 
labyrinth  or  auditory  nerve  trunk  is  tested  by  placing 
one  electrode  over  each  ear,  and  then  gradually  passing 
the  current.  Under  normal  conditions  no  reaction  will 
take  place,  but  where  one  labyrinth  is  more  irritable  than  the 
other,  the  cathodal  reaction  will  be  toward  tlie  side  of  the 
more  irritable  labyrinth,  and  the  anodal  reaction  will  be 
away  from  the  side  of  the  more  irritable  labyrinth,  the 
patient  iieing  directed  to  look  in  the  direction  in  which  the 
rapid  movement  would  occur. 

B  From  what  has  been  said  regarding  the  tests  of  the  eighth 
"nerve  and  its  end  organ,  it  goes  without  saying  that  any 
interference  with  the  eighth  ner\'e  itself,  or  its  central  nuclei, 
or  the  fibers  of  communication  between  these  nuclei  and  the 
cerebral  centers,  may  frequently  be  diagnosed  by  the  appli- 
cation of  the  tests  already  laid  down.  Certain  definite  signs 
appear  on  careful  physical  examination  of  the  eighth  nerve 
when  any  pathoIogicaJ  process  involves  the  structures  before 
mentioned.  By  these  tests,  in  conjtmction  with  certain 
phenomena  referable  to  the  eighth  nerve  and  its  fibers  of  com- 
munication, we  are  able  to  diagnosticate  with  a  fair  degree  of 
certainty  tumors  of  tlie  cerebcllo-pontine  angle  involving  the 
eighth  nerve,  tumors  of  the  eighth  nerve  in  the  porus  acus- 
ticus  intcmus,  and  also  the  destruction  of  certain  portions  of 
the  cerebellum  to  which  fibers  from  the  basal  nuclei  of  the 
eighth  nerve  pass,  and  jUso  certain  conditions  in  the  mid-brain 
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when  the  parts  involved  contain  fillers  i)assing  froni  llie  basal 
nuclei  to  tJie  nuclei  of  the  ocular  muscles. 

For  instance,  if  we  have  a  tumor  of  the  acoustic  nerve 
or  of  the  base  at  the  cerel»;]Io-i>nntine  angle  with  pressure  on 
the  nerve,  we  are  apt  to  have  impairment  of  he-aring,  or 
absolute  deafness  on  this  side,  vertigo  with  a  tendency  to 
fall  toward  the  side  of  the  lesion,  over  pointing  toward  the 
affected  side,  and  sponlaiifotis  nystagmus.  If  this  nystag- 
mus is  slow,  that  is  if  the  cerebellar  component  of  the  nystag- 
mus is  pronounced  enough  to  overcome  the  cerebral,  then 
there  will  be  slow  nystagmus  to  the  affected  side.  Quite  as 
frequently,  however,  where  the  lesion  is  extensive,  we  find 
that  the  slow  component  of  the  nystagmus  is  not  demon- 
strable, and  we  then  have  a  rapid  nystagmus  toward  the 
healthy  side.  In  cases  of  tumor  of  the  porus  acusticus  the 
x-ray  plates  may  show  a  dilatation  of  the  internal  auditoiy 
meatus  due  to  the  pressure  of  the  growth.'  Naturally,  the 
caloric  test  in  sucli  cases  will  either  be  absolutely  negative,  or 
there  may  be  a  slight  caloric  irritability  of  the  labjTinth, 
but  this  will  be  impaired.  The  rotation  tests  may  show  no 
change  except  the  shortened  reaction  for  the  diseased  side, 
provided  this  labyrinth  is  entirely  dead,  or  provided  the 
function  of  the  nerve  is  completely  ablat«l. 

The  galvanic  test  is  apt  to  show  increased  irritability  of 
the  nerve.  The  double  caloric  test  and  the  double  galvanic 
test  are  of  particular  value  in  cases  of  this  kind.  Similarly 
when  the  fibers  of  communication  are  interfered  wHth,  wc 
may,  for  instance,  have  a  normal  nystagmus  following  a 
caloric  reaction,  but  an  absence  of  over  pointing.  This  would 
indicate  that,  while  the  fibers  passing  upward  to  the  ocular 
muscles  are  intact,  those  fibers  passing  to  the  cerebellum 
and  downward  to  the  anterior  horns  of  the  spinal  cord  are 
interfered  with.  In  certain  cases  the  converse  is  true. 
that  is  the  caloric  and  rotation  tests  may  produce  a  normal 
over  pointing,  but  not  a  normal  nystagmus,  showing  that  the 
fibers  passing  upward  to  the  ocular  muscles  arc  involved. 

There  also  seems  to  be  evidence  to  prove  that  the  superior 
semi-circular  canals  and  horizontal  semi-circular  canals  jiass 
by  different  paths.  It  is,  therefore,  important  in  cases  of 
suspected  intracranial  disease  to  test  the  reactions  not  only 
of  the  horizontal  semi-circular  canal,  but  also  the  superior 
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fastigii  and  emboliformis,  and  then  to  the  cortex  of  both 
sides.  The  fibers  of  the  superior  canals  probably  go  to  the 
posterior  longitudinal  bundle,  and  enter  the  cerebellum 
through  the  middle  peduncle.     It  can  be  seen,  therefore, 
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that,  if  this  hypothesis  is  correct,  it  is  valuable  to  test  the 
integrity  not  only  of  the  horizontal  canals,  but  also  of  the 
supen<H'  canals,  and  that  by  doing  this  we  may  be  still  fiuther 
able  to  localize  the  intracranial  lesion. 

It  is  interesting  also  to  note  that  in  cases  of  cerebellar 
abscess  where  infection  has  taken  place  through  the  labyrinth 
the  diaraclcr  of  the  nystagmus  frequently  enables  us  to  mate 
a  diagnosis.  With  a  dead  labyrinth,  wc  know  that  we  haw 
spootaneous  nystagmus  toward  the  healthy  side.  In  any 
case  of  aural  suppuration  whore  the  caloric  test  shows  that 
one  labyrinth  is  dead,  a  spontaneous  nystagmus  toward  the 
diseased  side,  that  is  a  reversal  of  the  nystagmus  which  wc 
would  ordinarily  expect,  points  strongly  to  an  abscess  in 
the  cerebellar  substance.  The  reason  for  this  is  explained  in 
figure  I/O.  In  this  figure  wc  assume  that  the  right  labyrinth 
has  been  destroyed  by  disease.  This  would  give  us  a  nystag- 
mus toward  the  opposite  side.  Gradually,  however,  owing  to 
the  crossed  cerebellar  filjers.  the  nystagn»us  disappears, 
and  the  disturbance  of  equilibrium  disappears.  In  other 
words  the  opposite  centers  compensate  for  the  destroyed 
labyrinth,  and  the  oculo-motor  center  upon  the  left  side 
becomes  ±.  This  over  developing  of  the  negative  irfiase 
of  the  loft  octilo-motor  center  is  undoubtedly  brought 
aliout  by  the  right  side  of  the  cerel>ellum  through  the  denis- 
sating  fibers.  If.  now,  there  is  destruction  of  the  ccrelxrllar 
substance,  this  balance  is  lost,  and  the  negative  phase  of  tlie 
left  oculo-motor  center  becomes  predominant  as  this  is  the 
one  which  has  been  last  developed.  This  being  the  case, 
we  would  have  a  slow  movement  of  the  eyes  toward  the 
healthy  side,  and  a  rapid  nystagmus  toward  the  affected  side. 
(See  Fig.  170.) 
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ANi€MIA  OF  THE  LABYRINTH. 


.Stiology. — The  condition  mnv  depend  upon  profuse  gen- 
eral  hacniurrhagc.  cither  from  tnuimatisni.  from  the  rupture 
of  an  aneurisii).  from  uterine  haemorrhage  at  childbirth,  or 
may  be  the  result  nf  simple  or  pernicious  anxmia.  The 
changes  which  take  place  arc  due  to  the  impoverished  qual- 
ity of  ihc  blood  with  which  the  tissues  are  supplied,  the  lack 
oi  nutrition  perverting  their  function  and  rendering  them 
less  capable  of  carrying  out  the  purposes  for  which  they 
were  designed. 

Sjrmptomatology. — When  the  labyrinthine  structures  suffer 
in  this  manner  we  find  the  power  o(  audiliufi  impaired!,  par- 
ticularly for  sharp  sounds  and  niusical  notes  of  a  high  pitch. 
The  involvement  of  the  auditory  function  is  similar  in  char- 
acter  to  the  disturbance  which  is  noticed  in  every  part  of 
the  body.  VVhcn  nutrition  is  imperfect  no  organ  performs 
its  work  properly.  When  the  labyrinth  suffers  from  mal- 
nutrition the  patient  seems  listless  and  inattentive,  and  it 
rc(]uiresa  certain  effort  upon  his  ]>art  to  hear  what  is  said. 
When  engaged  in  dialogue  the  hearing  may  not  seem  to  be 
much  affected,  but  when  several  arc  speaking  at  once  he  is 
unable  to  follow  accurately  the  course  of  the  conversation. 
Subjective  noises  are  distressing,  and  are  usually  worse  upon 
lying  down,  depending  upon  the  adynamic  ronilition  of  the 
circulatory  system.  The  character  of  the  subjective  sounds 
is  usually  dull  and  low-pitched,  synchronous  with  cardiac 
pulsations,  and  is  apparently  identical  with  the  venous  bruit 
heard  over  the  great  vessels  of  the  neck  in  many  ciiscs  ol 
anjcmia.  Attacks  of  vertigo  seldom  occur  spontaneously,  but 
result  from  apparently  slight  causes,  a  sudden  fright  being 
sufBcicnl  manv  times  to  induce  an  attack  of  syncope,  while 
the  same  condition  may  follow  an  insignificant  degree  of  pain 
or  some  slight  visceral  disturbance.  The  facics  of  the  patient 
is  somewhat  characteristic,  in  that  it  appears  dull,  abstracted, 
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and  inattentive.  The  other  symptoms  presented  are  tbose 
common  to  simplt;  ana;niia,  and  bear  no  relation  to  the  por- 
tion uf  the  budy  now  under  discussion. 

Diagnosis. — ^The  pallor  of  the  skin  found  after  an  acute 
haemorrhage,  or  the  peculiar  ashy-gray  color  met  with  in 
cases  of  simple  or  pernicious  anaimia,  should  always  attract 
attention.  The  variation  in  color  from  the  normal  standard 
is  Ireqiienlly  belter  observed  in  the  mucous  membranes  than 
in  the  cutaneous  surlaci;  ol  the  body.  These  may  appear 
blanched,  allhough  the  face  is  not  sufficiently  pallid  to  excite 
attention. 

A.  Physical  ExaminathH. — In  cases  of  simple  anaemia,  ex- 
amin:ition  with  the  otoscope  reveals  nothing  characteristic  of 
the  affection,  and,  unless  the  middle  ear  is  involved,  the  in- 
spcclion  is  entiiely  negative. 

n.  Fumtiotml  Examinaliofi. — The  lower  tone  limit  is  nor- 
mal ;  the  upper  tone  limit  may  be  normal  or  reduced  :  bone 
conduction  is  almost  always  reduced  to  a  marked  degree. 
The  perception  of  vvhis[)ered  or  spoken  words  is  somewhat 
reduced,  although  it  may  be  nearly  normal.  It  will  be  no- 
ticed that  the  words  arc  repeated  in  an  uncertain  manner  and 
slowly,  as  though  it  look  the  pattcnt  some  time  to  compre- 
hend exactly  what  had  been  said.  This  is  due  to  inco-ordit* 
tion  in  the  receptive  mechanism,  the  difiercnt  portions  failing 
10  act  ill  harmony.  Perception  for  high  sounds,  as  the  tick 
of  the  watch  or  the  click  of  the  acoumeter,  is  usually  more 
reduced  relatively  than  for  vocal  sounds. 

The  csscntiiil  points  upon  which  the  diagnosis  is  made  are: 

First,  the  absence  of  any  middle-ear  lesion. 

Second,  preservation  of  the  normal  tone  limits  (or  reduc- 
tion of  upper  limit). 

Third,  marked  impairment  of  bone  conduction. 

Fourih.  the  anwmic  appearance  of  the  patient- 
Prognosis. — In  aeuie  cases  depending  upon  haemorrhage, 
or  in  cases  of  simple  nna:mia,  the  prognosis  is  always  favor- 
able. In  pernicious  anxmia,  extravasations  within  the  nerve 
tissues  may  have  taken  place,  producing  permanent  structural 
changes. 

Treatment. — Certain  drugs,  such  as  iron  in  full  doses,  or 
arsenic,  cither  in  the  form  of  arseniou.s  acid,  Fowler's  solution 
or  Pierson's  solution,  etc.,  should  be  administered  for  the  pur. 
pose  of  improving  the  quality  of  the  blood.     The  exhibition 
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of  cardiac  stimulants  is  also  advisable  to  relieve  the  venous 
congestion  within  the  labyrinth.  Strychnine  fulfills  this  end, 
and  at  the  same  time  exerts  a  bcnehcial  effect  upon  the  nerv- 
ous tissues  themselves.  This  may  be  given  simultaneously 
with  ferruginous  preparations,  and  should  be  administered  in 
full  doses.  The  diet  should  be  liberal,  and  of  such  character 
as  to  improve  the  quality  of  the  blood.  The  exhibition  of 
alcohol  in  any  quantity  is  not  advisable,  excepting  in  acute 
cases,  or  possibly  to  the  extent  of  a  little  red  wine  at  dinner. 
Quinine  is  particularly  contraiiidicatcd  in  this  condition.  It 
is  true,  that  many  cases  improve  temporarily  when  this  drug 
is  administered  ;  but  it  is  equally  true  that  they  almost  invari- 
ably suffer  from  a  relapse,  and  that  the  symptoms  are  more 
marked  than  those  which  characterized  the  primary  attack. 
The  temporary  engorgement  which  this  drug  induces  in  the 
labyrinthine  vessels  often  leads  to  permanent  changes  of  a 
h;Emorrhagic  nature.  The  temporary  relief  gained  is  due  to 
the  increased  vascularity  which  the  drug  causes,  and  not  to 
correction  of  the  condition  upon  which  the  symptoms  depend. 


CH.\PTER  XXX\^ 

HYPEREMIA   OF  THE   LABVRINTH. 

Etiology. — An  increased  quantity  of  blood  within  the 
labyrinth  may  depend  either  upon  a  venous  stasis  from  me- 
chanical obstruction  to  Che  return  current,  or  upon  an  in- 
creased quantity  of  arterial  btooi!  conveyt'd  to  the  part.  The 
condition  is  prone  to  occur  in  individuals  of  a  full  habit,  and 
parlicularly  in  those  who  arc  the  victims  of  a  gouty  or  rheu- 
matic diathesis.  Those  whose  vacation  in  life  demands  con- 
siderable physical  activity  or  exposure  to  inclement  weather 
are  (reciuenlly  victims  of  this  condition.  Sudden  physical  ex- 
ertion is  productive  of  these  circulatory  changes,  cs[>ccially  in 
athletes.  Overindulgence  in  alcohol,  by  increasing  the  force  of 
cardiac  systole,  leads  to  distention  of  the  labyrinthine  vessels. 
Rigidity  in  the  arterial  system,  by  diminishing  the  elasticity 
of  the  vessels,  increases  relatively  the  pressure  within  the  ar- 
teries. Sudden  diminution  in  ainiosphcric  pressure,  as  when 
one  ascends  to  a  great  height,  subjects  the  efferent  vessels  lo 
the  full  force  of  the  cardiac  systole,  and  hence  augments  the 
blood  passing  through  them.  The  prolonged  action  of  any 
one  sound  also  produces  hypera?mia,  either  mechanically  or 
from  over-stimulation,  as  is  observed  in  telephone  operatives, 
boiler.makers,  etc.  Condensation  of  the  air  in  the  meatus, 
from  a  blow  on  the  car  or  from  an  explosion,  forces  the 
stapes  suddenly  inward  to  an  abnormal  distance,  and  may 
cause  hyperemia  of  the  labyrinth.  It  is  probable  that  cases 
of  mild  labyrinthine  concussion  are  of  this  nature. 

Among  those  causes  which  lead  to  a  venous  stasis  we  may 
enumerate  mechanical  obstruction  to  the  great  vessels  of  the 
neck,  such  as  pressure  from  a  tumor  or  the  sudden  lowering 
of  the  head,  the  venous  flow  being  then  retarded  by  the  force 
of  gravitation.  A  severe  attack  of  coughing,  by  increasing 
the  pressure  within  the  thorax,  temporarily  obstructs  the  pas- 
sage of  the  blood  into  the  rtglit  auricle  and  dams  t>ack  the 
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entire  venous  circulation.     Eiiorts  at  sneezing,  blowing  the 
nose.  etc..  exert  the  same  influence. 

Pathology.— The  overdistcntioo  of  the  blood  vessels  pro- 
duces but  few  changes  so  long  as  their  walls  arc  in  a  state  of 
perfect  health  ;  when  continued  for  a  long  time,  localized  dila- 
tation takes  place,  causing  an  irregularity  in  the  blood  supply. 
Where  the  pressure  changes  are  sudden,  or  where  the  walls 
of  the  vessels  are  diseased,  they  may  rupture  and  produce 
apoplectic  changes.  A  venous  hyperjcmia  is  more  prone  to 
become  permanent  on  account  o(  the  tenuity  of  the  vessel 
walls.  The  labyrinthine  veins  are  to  a  great  extent  inclosed 
in  bony  channels,  for  the  purpose  of  avoiding  this  condition. 
Their  exposed  portions,  however,  suffer  when  an  obstruction 
to  the  venous  circulation  persists  for  a  considerable  period ; 
the  vessels  become  tortuous  and  dilated,  and  there  is  a  transu- 
dation of  scrum  into  the  labyrinthine  cavity.  Both  the  venous 
dilatation  and  the  serous  transudation  increase  labyriulliine 
pressure.  The  ultimate  changes  which  take  place  in  laby- 
rinthine apoplexy  do  not  differ  from  those  occurring  in  a 
similar  condition  in  other  parts  of  the  body.  The  effused 
blood  may  be  absorbed,  or  the  affected  area  may  undergo 
disintegration. 

Symptomatology. — Such  an  augmentation  in  labyrinthine 
blood  supply  is  characterized  by  a  feeling  of  fullness  and  dis- 
tention in  the  head,  slight  giddiness  or  even  vertigo,  and  the 
presence  of  subjective  noises,  usually  of  high-pitched  char- 
acter. The  impairment  in  hearing  is  slight,  unless  the  vessel 
walls  suffer;  then  it  may  be  profound  or  even  absolute,  the 
accompanying  giddiness  being  usually  severe,  and  the  tinnitus 
at  5rst  almost  unbearable.  Occurring  as  a  chronic  condition 
in  a  patient  of  full  habit,  we  find  these  symptoms  produced 
by  any  sh'ght  exciting  cause,  such  as  fright,  rage,  sudden  ex- 
ertion,  indigestion,  too  free  indulgence  in  stimulants,  etc. 

Diagnosis. — Physical  examination  yields  no  information  be- 
yond showing  an  increased  vascularity  in  the  drum  mem 
branc  and  the  deeper  parts  of  the  canal,  causing  the  vessels 
to  be  more  distinctly  visible, than  normal.  Where  the  mem- 
brana  tympnni  is  thin,  a  similar  condition  is  often  observed  in 
the  mucous  membrane  of  the  promontory. 

Functional  Examination. — The  lower  tone  limit  is  exceed- 
ingly well  preserved ;  the  upper  tone  limit  is  usually  reduced ; 
bone  conduction  is  diminished,  and  the  power  of  audition  for 
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vocal  sounds  but  slightly  impaired.  For  sharp  sounds,  such 
as  ihose  oi  the  acoumeter  or  watch,  a  condition  of  hypcracu- 
sis  may  be  present,  and  very  sharp  sounds  are  often  painful: 
or  the  auditory  impression  may  persist  for  some  liroe  after 
the  source  of  sound  has  been  removed.  The  diagnosis  in 
chronic  cases  will  be  rendered  more  easy  if  attention  is  di- 
rected to  the  increased  vascularity  of  the  integument  of  the 
lace  and  the  prominence  of  the  smaller  vessels  beneath  Ibe 
skin,  which  is  a  fair  index  ol  the  condition  of  the  circulatory 
sj-stem  within  the  labyrinth.  The  history  of  severe  physical 
exertion  or  of  a  gouty  or  rheumatic  diathesis  also  materiatly 
aid  us  in  arriving  at  a  correct  opinion. 

Prognosis. — Where  but  slight  impairment  of  hearing  is 
present,  we  may  hope,  in  recent  cases,  to  effect  an  absorption 
of  the  effused  serum  and  a  return  of  the  jMrts  to  .1  condition 
of  integrity.  Where  the  condition  is  of  long  standing,  the 
outlook  is  more  unfavorable,  and  the  same  is  true  where  the 
changes  arc  of  hscmorrhagic  nature,  if  the  extravasation  is  ol 
considerable  size.  In  chronic  cases  it  is  seldom  possible  to 
remove  the  condition  entirely,  although  much  relief  may  be 
secured  by  carefully  regulating  the  habits  of  life. 

Treatment. — In  severe  cases  local  depletion  is  a  naostim- 
portant  measure  to  be  adopted.  Considerable  blood  should 
be  abstracted  from  the  mastoid  region  by  means  of  the  wet 
cup.  General  bloodletting  is  permissible  when  the  attack  is 
of  unusual  severity.  Free  catharsis  should  be  effected  by  the 
administration  of  saline  purgatives,  and  free  diuresis  should 
also  be  obtained.  In  acute  cases  it  is  well  to  protect  the 
ear  from  the  action  of  sound  by  occluding  the  meatus  with 
cotton.  The  application  of  countcrirritants  to  the  mastoid 
in  the  form  of  blisters  is  advocated  by  some,  but  is  of  more 
value  where  the  condition  has  continued  for  some  time  than 
immediately  after  an  exacerbation.  The  use  of  counterirri. 
tation  for  a  long  period  by  means  of  the  tincture  of  iodine 
applied  to  the  mastoid  region  is  of  some  value  in  the  older 
cases,  since  the  effusion  of  serum  within  the  labyrinthine 
chamber  implies  an  increase  in  pressure.  The  use  of  pilo- 
carpine is  of  benefit,  and  we  should  always  resort  to  it  If 
prompt  relief  does  not  follow  the  abstraction  of  blood.  In 
administering  this  drug,  it  is  convenient  to  employ  a  four- 
per-cent  solution,  as  in  this  way  the  dose  can  be  gradually 
increased  according  to  indications.    The  initial  dose  for  an 
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adult  is  from  one  sixth  to  one  eighth  of  a  grain  twice  or  three 
times  daily.  It  is  not  necessary  to  confine  the  patients  to  the 
house  to  ihc  extent  of  inlerlcritig  with  their  daily  vocations  in 
carrying  out  the  treatment.  It  is  only  necessary  that  for  about 
two  hours  after  each  dose  the  patient  should  guard  against 
draughts.  This  is  secured  if  one  dose  of  the  drug  is  taken 
immediately  upon  rising  in  the  morning,  when  the  cfTcct  will 
have  passed  sutficienily  before  the  patient  is  obliged  to  go  out 
to  his  daily  work,  while  the  second  may  be  taken  upon  re- 
tiring. The  quantity  administered  should  be  just  sufficient 
to  increase  the  salivary  or  cutaneous  secretions  slightly,  but 
a  profound  effect  is  undesirable.  The  patient  should  be  di- 
rected to  increase  the  dose,  so  that  the  physiological  action 
is  noticed  after  each  ingesliun,  as  otherwise  tolerance  is  soon 
established  and  the  full  benefit  to  be  derived  is  not  obtained. 
It  is  also  of  great  value  in  instances  which  come  under  treat- 
ment only  after  a  considerable  interval  has  elapsed  since  an 
acute  attack,  the  reduction  in  pressure  frequently  being  fol- 
lowed by  relief.  This  is  probably  due  to  the  absorption  of 
the  effusion.  Iodide  of  potassium  internally,  in  doses  of  ten 
grains  three  or  four  times  daily,  may  be  given  for  the  same 
purpose,  but  is  usually  less  efficacious.  Next  to  the  treatment 
of  an  acute  attack,  the  most  important  measures  are  those  of 
a  prophylactic  nature.  Severe  and  sudden  physical  exertion 
should  be  enjoined.  Alcohol  should  be  interdicted,  and  the 
diet  should  be  so  regulated  as  to  diminish  the  general  pleth- 
ora. The  influence  of  a  gouty  or  rheumatic  taint  should 
never  be  forgotten,  and  the  prolonged  use  of  some  alkaline 
waters,  preferably  those  containing  lithium,  is  of  great  value. 
Attention  to  these  matters  not  only  tends  to  relieve  the 
chronic  congestion,  but  also  renders  the  patient  less  liable  to 
an  apoplectiform  lesion. 


CHAPTER  XXXVI. 


LABYRINTHINE   U/I^MOKKHAGE. 

Etiology. — Ttic  cause  of  a  rupiurc  of  the  walls  of  the 
labyrinthine  vessels,  with  an  extravasation  of  their  contents 
into  the  delicate  structures  which  the  cavity  contains,  maybe 
due  to  cxlcrnul  violence,  such  as  a  blow  upon  the  head  or  a 
fall  from  a  height,  or  the  sudden  action  of  a  loud  souod,  such 
as  an  explosion.  It  may  be  caused  by  manipulative  proce- 
dures directed  toward  the  relief  of  some  iiiiddle-ear  condition. 
as  a  forcible  inflation  by  means  of  the  catheter  or  Politxcr 
bag.  or  severe  efforts  at  coughinp  or  sneezing.  Mobilization 
or  removal  of  the  stapes  may  also  produce  the  conditiog^^ 
under  discussion.  ^^H 

Various  conditions  of  the  blood  itself — such  as  that  fou^^^ 
in  the  hemorrhagic  diathesis,  in  pernicious  anaemia,  and  id 
leuca:mia,  or  fragility  of  the  walls  of  the  blood  vessels  mci 
with  in  jiatients  of  advanced  years,  especially  those  who  arc 
victims  oJ  a  gouty  diathesis — may  determine  the  same  result. 
The  same  accident  may  take  place  from  sudden  venous  con< 
gestion  of  the  Itcad,  as  produced  when  one  remains  with  the 
head  bent  forward  for  a  considerable  lime,  or  when  the  ve- 
nous blood  is  prevented  from  entering  the  right  auricle  by 
holding  the  breath,  as  in  swimming  under  water  or  in  diving. 
Necessarily  the  condition  may  be  met  with  as  a  complicating 
lesion  of  cerebral  hyperx'mia. 

Pathology. — Tht*  effusion  of  blood  into  the  tissues  pro- 
duces the  same  changes  here  as  a  similar  lesion  in  other 
[)arts  of  the  body.  Where  the  haemorrhage  is  considerable, 
complete  disorganization  of  the  parts  may  take  place  from 
pressure,  and  a  return  to  the  normal  condition  becomes  im- 
possible even  if  the  edused  blood  is  .subsequently  absorbed. 
In  other  cases  the  traumatism  is  not  so  great,  and  the  slnic- 
turcs  pressed  upon  simply  su Her  from  a  mechanical  interfer- 
ence with  the  performance  of  their  function  without  undcr- 
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going  degeneration;  this  is  always  produced  by  increased 
labyrinthine  pressure,  when  the  equilibrium  is  restored  only 
after  a  cut^idemble  period.  The  clot  itself  may  remain  and 
become  organized,  or  may  be  completely  absorbed  or  undergo 
fibrous  or  calcareous  degeneration.  According  to  the  amount 
of  original  damage,  the  (unction  of  the  part  is  either  entirely 
destroyed  or  partially  or  completely  restored. 

Symptomatology. —  When  a  labyrinthine  ajjoiilcxy  occurs, 
the  patient  is  usually  seized  with  giddiness  so  severe  as  to 
cause  him  to  fall  unless  he  obtains  some  ariiBcial  support;  at 
the  same  time  there  is  intense  nausea,  severe  tinnitus,  and  a 
very  high  degree  of  impairment  of  hearing,  or  absolute  deaf- 
ness. Unconsciousness  may  occur  if  the  attack  is  severe. 
When  il  follows  chronic  labyrinthine  hypera;mia,  ceiiain  pre- 
monitory signs  often  manifest  themselves,  such  as  a  feeling  of 
fullness  and  distention  in  the  head,  a  throbbing  within  the 
cars,  the  cardiac  impulses  being  not  only  heard,  but  appar- 
ently felt  deep  in  the  Iiead.  The  unsteadiness  of  gait  and 
impairment  of  hearing  usually  disappear  after  a  few  days  or 
weeks,  the  former  completely,  and  the  l.ilter  In  a  marked 
degree,  although  the  hearing  dues  nut  become  normal.  The 
subjective  noises  persist,  and  may  even  increase  in  severity. 
Occasionally  a  condition  of  hypentsthesia  of  tlic  auditory 
nerve  follows,  certain  sounds  being  painful,  although  the  gen- 
eral au<lltory  power  is  greatly  impaired.  An  attack  of  this 
kind  renders  it  probable  that  subsequent  attacks  may  occur, 
especially  wlicn  it  is  due  to  a  pathological  condition  of  the 
walls  of  the  blood  vessels. 

Diagnosis,— The  suddenness  of  the  attack,  the  severity  of 
the  vertigo  and  of  the  tinnitus,  the  cvtreitle  nausea,  and  the 
sudden  and  marked  impairment  in  hearing  form  a  series  of 
symptoms  which  are  (airly  characteristic.  A  physical  exami- 
nation reveals  no  dei)arturc  from  the  normal  standard. 

Functional  examination,  in  addition  lo  the  impairment  of 
hearing,  both  for  spoken  words  and  sharp  sounds,  will  show 
an  impairment  c»r  at)Nence  of  sound  perception  through  the 
solid  media  of  the  skull.  The  limits  uf  audiiiun  may  be  vari- 
ously affected,  according  to  the  particular  site  of  the  lesion. 
Generally  the  lower  jKirtion  of  the  labyrinth  is  involved,  in 
which  case  the  lower  tone  limit  remains  normal,  while  the 
upper  tone  limit  is  lowered  to  a  very  marked  degree.  This 
is  not  absolute,  for  if  the  hemorrhage  occurs  in  the  upper 
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part  of  the  cochlea  high  notes  may  be  the  only  ones  hear 
while  the  low  notes  are  not  perceived  at  all. 

Prognosis.— When  the  h;vmorrhagc  involves  but  a  vei7 
small  area,  spontaneous  recovery  may  tike  place.  When  the 
lesion  is  extensive  it  is  probable  that  the  hearing  will  remain 
to  a  degree  impaired  whether  the  case  be  left  to  ilseU  or  sub- 
jected to  medication,  tmprovement  may  be  hoped  for  in  the 
more  severe  cases  rather  than  in  those  where  the  extravasa. 
tion  is  moderate.  The  prognosis  as  to  the  disappearance  of 
subjective  noises  is  less  favorable,  and  complete  relief  should 
never  be  promised.  The  disturbance  of  the  equilibrium  dsu- 
ally  disappears  completely. 

Treatment. — When  seen  immediately  aftcrthcatlack,  local 
depletion  and  even  general  bloodletting  arc  the  first  measures 
to  be  instituted.  A  wet  cup  to  the  mastoid  exerts  more  influ- 
ence upon  the  circulation  within  the  labyrinth  than  when  ap- 
plied in  any  other  location.  Free  purgation  should  then  be 
effected,  absolute  rest  in  bed  enjoined,  and  the  patient  should 
be  protected,  as  far  as  possible,  from  loud  noises,  and  forbid- 
den to  do  any  manual  work.  At  a  later  period  the  adminis- 
tration  of  pilocarpine,  beg"inning  with  a  dose  of  one  sixth  of 
a  grain  three  times  daily  and  increasing  rapidly  until  the 
physiological  cflect  is  obtained,  often  causes  rapid  improve 
ment  by  reducing  labyrimhine  pressure.  The  general  condi- 
tion .should  be  attended  to  in  the  same  manner  as  directed 
under  labyrinthine  hyperasmia.  Iodide  of  potassium,  con. 
tinucd  for  six  or  eight  weeks,  seems  to  favor  the  absorption 
of  the  clot.  Counter-irritation  over  the-  mastoid  process  by 
means  of  iodine  or  vesicants  is  a  measure  to  be  employed  if 
convalescence  is  delayed.  Great  care  should  be  taken  to  warn 
the  patient  of  the  danger  of  a  similar  attack  at  some  future 
time. 
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LABVRINTIUNE    EMBOLISM   AND  THROMnOSIS. 


JEtiology. — The  lodgmetii  in  one  of  the  smaller  vessels  of 
the  internal  ear  of  an  infectious  embohis  which  may  have 
been  thrown  into  the  circulation  as  the  result  of  a  |>alhr»- 
logical  change  in  some  distant  organ,  or  the  development  of 
infectious  thrnnibi  within  the  venous  channels,  arc  both  con- 
ditions met  with  in  rare  instances.  Embotism  is  specially 
rart,  although  il  has  occurred  in  cases  of  osteomyelitis,  and 
has  been  |)roduccd  artificially  in  the  lower  animals  by  the 
injection  of  some  of  the  low  vegetable  organisms  into  the 
blood.  A  thrombosis  occurs  more  frequently  as  the  result  of 
a  severe  suppurative  process  within  the  middle  ear,  such  as 
is  found  in  scarlatina,  diphtheria,  etc.  Here  the  blood  supply 
of  the  external  labyrinthine  wall  is  greatly  interfered  with. 
and  infection  takes  phice  by  contiguity  of  structure  through 
(he  osseous  partition.  This  form  of  occlusion  of  the  venous 
channels  constitutes  the  labyrinthine  lesion  in  many  cases 
which  suffer  from  severe  purulent  otitis  during  one  of  the 
exanthemata. 

Pathology. — The  occlusion  of  an  arterial  twig  produces  at 
tirst  an  ana-niia  of  the  area  which  it  supplies;  this  may  go  on 
to  disintegration  if  the  blood  supply  is  not  rc-establtshcd,  but 
if  the  collateral  circulation  is  free  this  may  not  occur.  Throm- 
bosis of  a  venous  trunk  is  of  less  importance  except  where  it 
is  due  to  an  actite  infectious  process,  when  the  minute  septic 
foci  may  break  down  and  produce  severe  inflammation  of  the 
surrounding  parts. 

Symptomatology. — The  symptoms,  in  general,  resemble 
those  of  labyrinthine  haemorrhage,  except  that  they  arc  less 
severe ;  nausea  is  rare ;  vertigo  may  be  scarcely  noticeable, 
and  the  hearing  power  but  slightly  impaired.  The  sudden 
development  of  tinnitus  in  these  cases  is  probably  the  most 
constant  symptom.  It  is  probable  that  in  many  instances 
where  tinnitus  atone  is  complained  of,  the  bearing  power 
41  (bJDl 
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being  normal,  according  to  the  most  careful  tests,  a  small 
artery  or  vein  within  the  lab^-rinth  has  become  occluded, 
causing  sufficient  structural  change  to  produce  this  symptom 
without  otherwise  impairing  the  function  of  the  organ  to  a 
noticeable  extent.  From  the  intimate  relation  between  tlte 
venous  current  within  the  turbinated  bodies  and  that  of  the 
cochlea,  wc  might  suppose  that  a  suppurative  inflammatioo  <4 
one  of  the  accessory  sinuses,  such  as  the  ethmoid,  antrum,  or 
Iryntal  sinus,  would  be  particularly  prone  to  produce  thb 
effect.  It  is  certainly  true  that  many  of  these  cases  sufFcx 
from  subjective  noises,  while  the  history  shows  that  the  ons<t 
was  sudden,  iliat  the  noise  has  remained  unchanged  for  a  con- 
siderable number  of  years,  or  has  perhaps  slightly  diminished, 
while  any  impairment  of  hearing  that  existed  in  the  early  stage 
o(  the  affection  has  disappeared.  Here  the  inference,  that 
embolism  of  one  of  the  minute  vessels  has  been  the  lesiou 
which  has  produced  the  symptom,  seems  logical. 

Prognosis.— lixtensivc  destruction  of  the  labyiinthioe 
structures  frciiuciitly  follows  a  severe  suppurative  inflam- 
mation within  the  tympanum.  When  confined  to  a  small 
area  the  condition  usually  improves  as  age  advances,  and 
although  it  sometimes  disappears  spontaneously,  it  is  ofteo 
unaffected  by  treatment.  The  lesion  does  not  tend  to  pro- 
gress, and  either  remains  quiescent  or  slowly  improves. 

Treatment. — The  first  indication  ts  to  remove  the  cause, 
to  prevent  a  repetition  of  the  accident.  Measures  directed 
toward  the  labyrinth  itself  may  be  necessary  where  the  aflea- 
cd  area  is  extensive.  The  reduction  of  labyrinthine  pressure 
by  the  internal  administration  of  pilocarpine  and  subsequently 
of  iodide  of  potassium  is  practically  the  most  serviceable  plan 
of  treating  either  thrombosis  or  embolism.  For  the  cunstatii 
tinnitus,  the  use  of  dilute  hydrobromic  acid  in  full  doses  will 
be  found  to  be  beneficial  not  only  in  relieving  the  symptom, 
but,  by  reducing  the  degree  of  hypera-slhesia  of  the  recep- 
tive centres,  will  often  exert  a  certain  curative  effect.  The 
drug  should  be  given  in  doses  of  half  a  drachm  every  four 
hours,  or  more  frequently  if  necessary.  It  should  be  well 
diluted  with  water,  lo  avoid  irritation  of  the  stomach.  Strych. 
nine  in  full  doses  is  also  of  value  in  preventing  a  rapid  disor- 
ganization of  the  nerve  tissue  supplied  by  the  occluded  vessel 
both  by  its  spcciiic  effect  upon  nerve  tissue  and  its  action  as 
a  cardiac  stimulant. 
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JEiMogy. — This  portion  o(  ilie  receptive  mechanism  may 
be  the  scat  of  changes  due  to  hereditary  or  acquired  spccihc 
disease.  In  the  hereditary  cases  Ihc  association  of  intersti- 
tial keratitis  is  so  frequent  as  to  point  to  the  dependence  of 
both  conditions  ;i(ion  the  same  cause.  When  it  occurs  as  the 
result  of  acquired  specific  disease,  it  is  usually  found  in  the 
tertiary  period,  although  very  rarely  it  is  met  with  in  the 
secondary  stage. 

Patholo^. — The  changes  which  arc  found  upon  ])ost- 
mortem  examination  are  of  a  chronic  inflammatory  character. 
The  lining-  membrane  of  the  semicircular  canals  and  cochlea 
is  thickened,  narrowing  the  lumen  of  the  channels,  and  in 
some  instances  this  process  has  gone  on  to  the  dev'clopment  of 
new  osseous  tissue,  causing  a  thickening  of  the  bony  walls  of 
the  passages.  Changes  characteristic  of  specific  disease  are 
present  in  the  blood  vessels;  they  consist  in  an  obliterating 
endarteritis,  narrowing  or  completely  occluding  the  vessel 
lumen.  From  this  the  parts  are  supplied  with  an  insufficient 
quantity  of  blood,  and  suffer  from  impaired  nutritioa,  which 
may  cause  necrosis  if  sufTicicntly  complete.  Where  the  nutri. 
lion  is  seriously  interfered  with  the  parts  may  undergo  sof. 
tcning,  in  the  same  manner  as  occurs  in  gummata  in  various 
parts  of  the  body.  When  there  is  a  hypertrophic  process 
within  the  vestibule  the  newly  formed  bone  may  be  depos- 
ited about  the  oval  window,  producing  a  thickening  of  the 
foot  plate  of  the  stapes  or  a  synostosis  of  the  stapedio-vcstibu- 
r  articulation. 

Symptomatology. — The  occurrence  of  sudden  and  pro- 
found impairment  of  hearing,  with  the  development  of  sub- 
jective noises,  in  an  adult  apparently  in  perfect  health  and 
with  no  evidences  of  middlc-car  involvement,  should  always 
cxdtc  suspicion  of  an  underlying  specific  cause.  The  same 
remark  applies  to  the  sudden  and  unexplained  appearance  cE 


652 


STCCTnC  INFLAMMATION  OF  THE  LABYRlNTn. 


vertigo  with  or  without  any  of  the  symptoms  above  men- 
tioned. In  the  hereditary  cases  tlie  impairment  in  hearing 
may  be  steadily  progressive,  and  associated  witli  ulceration 
of  the  cornea,  as  before  mentioned.  In  children  this  combi- 
nation of  symptoms  is  particularly  liable  to  occur,  and,  unless 
checked  by  treatment,  progresses  rapidly,  so  that  the  hearing 
power  becomes  almost  completely  lost  in  a  short  time. 

Diagnosis. — The  diagnosis  depends  upon  the  suddennea 
of  the  onset  and  the  profound  degree  of  impairment  in  hear- 
ing, while  vertigo  and  vomiting  may  I)e  present. 

If  physical  examination  reveals  the  middle  car  normal,  the 
diagnosis  is  rendered  much  more  simple;  when  occurring  in 
the  secondary  stage,  an  associated  tubal  or  tubo-tympanic  in- 
flammation may  be  so  marked  as  to  lead  the  observer  to  sup- 
pose that  the  symptoms  are  entirely  due  to  the  condition  of 
the  middle  ear.  and  the  labyrinthine  lesion  may  be  overlooked 
entirely.  Functional  examination,  however,  ordinarily  pre- 
vents this  error.  The  low  notes  ai*  f^rly  well  heard  even  if 
the  middle  ear  is  involved,  the  lower  tone  limit  not  being 
elevated  proportionately  to  tlie  degree  of  imjiairment  of  hear- 
ing. The  upper  tone  limit  is  very  much  lowered,  and  sharp 
sounds  are  poorly  perc«ved,  the  impairment  in  this  direction 
being  more  marked  than  the  impairment  for  convcrsaUoo. 
Bone  conduction  is  greatly  reduced  or  entirely  absent,  thus 
rendering  the  error  of  attributing  symptoms  to  an  affection 
of  the  middle  ear  almost  impossible.  Other  signs  of  specific 
disease  should  also  he  sought  for.  In  children,  an  examination 
of  the  teeth  often  reveals  characteristic  "Hutchinson  teeth," 
while  the  surface  of  the  body  may  present  evidences  of  a  j>rc- 
vious  specific  eruption.  The  exaitiination  of  the  skin  is  of 
partiailar  importance  in  adults  where  the  disease  is  acquired 
rather  than  hereditary.  The  association  of  ulceration  of  the 
cornea  should  also  be  regarded  -Kvith  suspicion. 

It  may  be  stated  in  general  that  in  cases  of  sudden  and  pro- 
found impairment  of  hearing  or  with  symptoms  referable 
to  the  vestibular  apparatus,  such  as  severe  vertigo,  these 
symptoms  should  be  looked  upon  with  suspicion,  and  specific 
disease  definitely  excUided.  It  goes  without  saying,  therefore, 
that  in  all  cases  of  this  land  a  complement  fixation  test  ty 
the  Wassermann  or  Noguchi  methods  shoiild  be  made.  This 
examination  should  not  only  include  tests  of  the  blood,  but 
should  also  include  similar  examinations  of  the  spinal    fluid. 
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The  colloidal  gold  test  of  the  spinal  fluid  should  also  be  made 
in  every  doubtful  case.  It  must  be  remembered  that  in  cases 
where  the  aural  symptoms  are  iirominent  it  may  not  be  the 
labyrinth  or  the  trunk  of  tlie  auditory  nerve  that  is  involved, 
but  we  may  be  dealing  with  a  specific  infcrtion  of  the  central 
nervous  system  involving  either  the  Iab>Tinth,  the  nerve 
trunk,  the  meninges,  or  the  central  nuclei.  A  c>-tological 
examination  of  the  spinal  fluid  is  also  of  value.  In  specific 
disease  the  globulins  are  increased  and  the  cell  count  is  ele- 
vated. These  phenomena  may  exist  in  other  intracranial 
complications,  but  their  existence  in  specific  disease  must 
always  be  remembered. 

Prc^nosis. — The  difficult>'  in  determining  the  value  of  any 
form  of  medication  in  these  cases  depends  upon  the  fact  that 
the  disease  may  remain  quiescent  for  a  long  jieriod,  and  sud- 
denly be  excited  to  renewed  activity  by  some  intercurrent 
disease,  or  from  no  assignable  cause. 

We  therefore  can  not  always  say  whether  tlie  cessation  of 
the  symptoms  occurs  spontaneously  or  is  the  result  of  treat- 
ment. Medication  is  of  value  in  recent  cases  without  ques- 
tion, but  in  those  of  hereditary  origin  many  Ixjiicve  that  the 
disease  can  not  be  checked  by  therajieiitic  meas^ures.  In  spite 
of  this,  no  case  should  be  consicUrrod  as  hojwless  without  hav- 
ing been  first  subjected  to  a  thorough  course  of  s]>ecific 
treatment. 

Treatment.^In  any  case  where  a  diagnosis  of  specific 
disease  either  of  the  labyrinth  or  of  the  central  nervous  system 
has  been  made,  specific  treatment  should  at  once  be  instituted. 
It  is  not  the  purpose  of  the  authtir  to  go  into  detail  regarding 
any  course  of  specific  treatment.  This  is  much  better  placed 
in  the  hands  of  those  thoroughly  conversant  with  the  method 
of  treatment  to  be  followed  out  in  cases  of  general  sj-philitic 
infection.  My  own  plan  has  been,  however,  to  particularly 
recommend  the  use  of  salvarsan  or  some  similar  jireparation. 
In  some  cases  intravenous  administration  of  the  drug  is  suffi- 
cient, while  in  others  benefit  is  obtained  only  by  the  adminis- 
tration of  the  drug  through  the  spinal  canal.  Considerable 
has  been  written  about  the  dangers  of  the  administration  of 
salvarsan  in  these  cases,  and  some  have  gone  so  far  as  to  state 
that  the  drug  has  caused  deafness  in  the  opposite  oar  where  al 
first  the  deafness  was  only  imilateral,  or  in  cases  where  the 
deafness  was  bilateral  that  the  impairment  of  hearing  has  Iiecn 


greatly  increased  by  the  treatment.  A  careful  study  of  these 
cases  shows  that  these  reports  are  absolutely  without  founda- 
tion. It  is  true  that  occasionally  after  the  administration  o( 
salvarsan  or  some  kindred  drug  the  aiiral  sj'mptoms  are  tem- 
porarily increased.  In  all  of  these  cases,  however,  the  symi> 
tom-s  have  ultimately  disappeared  upon  further  administra- 
tion of  the  drug.  It  is  supposed  in  those  cases  where  the  symp- 
toms have  been  temporarily  increased  that  certain  spirochcta 
have  become  so  deeply  imbedded  in  the  tissue  as  to  have 
become  inert.  With  the  first  administration  of  the  drug  these 
spirochetse  are  Hberated  and  produce  certain  symptoms. 
The  further  administration  of  the  medication,  however,  re- 
sults in  their  complete  destruction  and  the  disappearance  of 
all  the  symptoms.  In  addition  to  the  administration  of 
salvarsan  or  some  similar  drug,  the  adminisitration  of  mercury, 
preferably  by  the  hypodermatic  method,  is  of  value  in  these 
cases.  The  administration  of  mercury  internally  in  the  fonn 
of  bichloride  or  biniodide  in  doses  from  '/m  to  '/n  ^  * 
grain,  the  use  of  mercurial  inunctions,  and  the  use  of  vapor 
baths  are  all  of  value.  For  the  exact  method  of  administra- 
tion of  these  drugs,  the  reader  is  referred  to  any  of  the  works 
devoted  to  the  treatment  of  specific  diseiise.  The  value  of 
iodide  of  potassium  internally  in  cases  of  this  kind,  especially 
after  the  use  of  salvarsan,  and  the  use  of  mercurial  prepara- 
tions cannot  be  too  strongly  emphasized.  IE  iodide  of  po- 
tassium is  to  be  used,  howevtT,  it  must  be  given  in  large  doses. 
It  has  been  my  custom  to  begin  with  ten  or  fifteen  grains  three 
times  daily,  and  to  rapidly  increase  the  dose  until  the  patient 
is  taking  at  least  one  ounce  each  twenty-four  hours.  Very 
gratifying  results  have  been  obtained  by  the  use  of  large  doses 
of  this  drug,  even  before  the  discovery  of  salvarsan  and  drugs 
of  a  similar  character.  In  cases  where  the  disease  is  located 
in  the  labyrinth  the  use  of  pilocarpine  either  internally  or 
hy[X)dcrmaticalIy,  the  drug  being  given  until  its  physiological 
e^ect  is  obtained,  and  then  continued  at  such  a  dosage  as 
will  insure  this  physiological  effect,  has  proved  of  undoubted 
value.  In  order  to  derive  the  full  bendit  from  the  drag  its 
use  should  be  continued  over  a  period  of  six  to  eight  weeks. 
In  ca^cs  of  this  character  the  drug  should  always  be  used  in 
conjunction  with  iodide  of  potassium.  The  use  of  stiycfamne 
in  fairly  full  doses  is  of  undoubted  value  in  some  of  these  cases. 
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CHAPTER  XXXrX. 

INFI-AMMAT]ON  OF  THE  LABYRINTH  SECONDARY  TO  CHRONIC 
SUPPURATIVE  AND  NONSUPPURATIVE  INFLAMMATION  OF 
THE  TYMPANUM. 


Pathology.^ Where  the  tympanic  structures  have  been 
subjected  for  a  long  time  lo  an  abn<>ririal  (Icgree  of  pressure 
Irom  an  adhesive  process  within  the  tympanum,  certain 
changes  lake  place  within  the  bony  capsule,  both  as  the 
direct  result  of  mechanical  pressure  and  also  from  the  ab- 
lation  of  function  which  this  increased  pressure  causes. 
Owing  to  the  augmentation  in  the  tension  within  the  laby- 
rinth, the  delicate  terminal  filaments  of  the  auditory  nerve  in 
the  lower  part  of  the  cochlea  and  in  the  vestibule  may  be 
completely  destroyed.  On  the  other  hand,  the  increased 
tension  may  prevent  the  conduction  of  atrial  vibrations  to 
these  ncrvc^nd  organs,  and,  on  account  of  the  disease  in  the 
middle  car,  they  may  undergo  atrophy  from  disuse,  so  that 
if  the  pressure  is  removed  and  the  normal  tension  within  the 
labyrinth  is  restored,  they  will  be  no  longer  able  to  perform 
their  function.  The  inflammatory  process  within  the  tym- 
panic cavity  may  be  propagated  to  the  adjacent  labyrinthine 
parts  by  contiguity  of  structure.  This  is  especially  true  in 
those  cases  of  otitis  media  arising  from  the  deposit  of  new 
connective  tissue  in  the  niche  ol  the  oval  or  round  window. 
By  extension,  the  parts  beyond  the  foot  plate  of  the  stapes 
undergo  similar  changes ;  the  vestibular  walls  become  thick- 
ened, the  process  at  first  resulting  in  thickening  of  the  peri- 
osteum, and  subsequently  in  the  deposit  of  new  osseous 
tissue,  thus  encroaching  upon  the  lumen  of  the  vestibule. 
Similar  changes  about  the  round  window  result  in  an  en- 
croachment upon  the  lumen  of  the  first  turn  of  the  cochlea. 
This  process  is  quite  characteristic  of  proliferous  otitis  media. 
U  is  also,  as  Politzcr  has  recently  shown,  quite  commonly 
found  in  advanced  life,  and  constitutes  the  prominent  lesion 
in  the  presbycusis. 
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The  changes  which  take  place  wiihin  Lhe  labyrinth  fn 
chronic  purulent  otitis  media  .ire  usually  less  marked  than  in 
(he  nc)nsu]>puralive  fortn  of  the  affection.  Those  met  with  in 
residuary  cases,  where  the  purulent  inflammation  has  run  its 
course,  arc  due  to  pressure  or  disuse,  or  to  both  combined. 
While  there  is  active  suppuration,  an  actual  infection  o(  the 
labyrinthine  structures  may  take  place  through  the  fenestra 
ovalisor  the  fenestra  rotunda,  leading  to  a  purulent  inflamma- 
tion ot  the  labyrinth.  This  may  be  transmitted,  either  through 
the  blood  vessels  or  through  the  aquceductus  vestibuli  or 
aqua^ductus  cochlea!,  to  the  meninges,  and  cause  a  leptomcnio. 
gitis.  In  the  labyrinth  such  a.  purulent  inflammation  results 
in  a  disintegration  of  the  structures  involved.  This  would 
mean  complete  destruction  ot  the  labyrinth  if  the  entire  re- 
gion were  aflected.  Fortunately,  however,  such  an  inflamma- 
tion is  frequently  confined  to  the  immediate  neighborhood  of 
the  external  labyrinthine  wall,  and  its  destructive  effects  art 
limited  to  the  vestibular  structures  and  to  those  elements 
lying  in  the  first  turn  of  the  cochlea.  Meningitis  seldom 
occurs  by  infection  through  the  lymph  channels  of  the  iotcr- 
nal  ear,  and  this  ol  itself  argues  strongly  against  any  free 
anastomosis  between  the  vessels  of  the  middle  car  and  those 
of  the  labyrinth  immediately  adjoining.  Suppumiiun  within 
the  tympanic  cavity  may  produce  changes  due  to  pressure 
alone,  infection  not  taking  place.  In  such  an  event  the  {varts 
may  be  restored  to  their  normal  condition  by  treatment  of  the 
tympanic  affection,  and  will  then  resume  their  proper  function. 

In  addition  to  these  structural  changes,  recognizable  under 
the  microscope  in  pathological  specimens,  we  must  remember 
that  in  many  cases,  probably,  in  which  the  middle  car  is  the 
seal  of  a  chronic  inflammatory  process,  the  labyrinthiiie  struc- 
tures in  the  immediate  vicinity  of  the  tympanum  become 
congested,  and  remain  in  this  condition  for  a  considerable 
period,  without  aciual  tissue  metamorphosis.  The  vascular 
disturbances  consist  either  of  increase  in  (he  arterial  sup- 
ply, or  a  diminution  of  the  venous  outflow,  augmenting  the 
labyrinthine  tension  and  giving  rise  to  symptoms,  although 
microscopic  specimens  would  reveal  no  structural  changes- 
\Vc  are  warranted,  however,  in  the  supposition  that  these 
conditions  are  present  from  the  history  of  certain  ctscs. 

Symptomatology. — The  exact  line  of  demarcation  between 
symptoms  dependent  upon  middle-car  or  labyrinthine  changes 
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can  not  be  drawn.  All  symptoms  of  impairment  or  perver- 
sion of  function  must,  strictly  speaking,  be  relegated  to  the 
perceptive  tract,  and  it  is  difficult  to  say  when  Ihey  are  pro- 
duced by  mechanical  irritation  simply,  from  alterations  in  tbe 
tension  of  the  conducting  apparatus,  and  when  certain  changes 
have  actually  taken  place  in  the  labyrinth  itself.  The  most 
constant  symptom  is  undoubtedly  the  presence  of  subjective 
noises.  In  the  early  stages  of  a  nonsuppurative  otitis  media 
the  persistence  of  tinnitus  should  be  looked  upon  as  an  indi- 
cation that  the  labyrinth  is  at  least  congested,  and,  unless 
prompt  measures  are  taken  for  the  relief  of  the  condition, 
must  soon  become  the  seat  of  organic  changes.  The  sub- 
jective noises  vary  in  character  and  in  intensity.  At  first  they 
are  intermittent,  occurring  chiefly  when  the  recumbent  posi- 
tion is  assumed,  as  this  posture  favors  a  determination  of 
blood  to  the  head.  In  neurotic  individuals  any  severe  nerv- 
ous strain,  or  even  phj'sical  exertion,  will  serve  to  increase 
ihcm.  The  same  is  true  of  impairment  of  the  general  health, 
or  asthenia  following  a  severe  illness. 

When  these  noises  arc  intermittent,  and  due  chiefly  to 
congestion,  they  arc  frequently  synchronous  with  cardiac 
pulsations;  but  as  the  disease  advances  this  pulsating  tin* 
nilus  diminishes,  and  is  replaced  by  a  constant  high-pitched 
musical  sound  as  the  lower  portion  of  the  receptive  tract 
Incomes  involved.  These  patients  also  complain  that,  in  ad- 
dition to  this  high-pitched  musical  note,  they  hear  at  irregu- 
lar intervals  loud,  low-pitched  sounds,  variously  described 
as  rumbling,  ro;iring,  thumping,  or  booming  noises.  We 
may  surmise  that  these  are  produced  by  changes  within 
the  crista.'  acusticx.  In  those  cases  where  the  tympanic 
process  is  confined  chiefly  to  the  region  of  the  oval  or 
round  windows  the  interference  with  sound  transmission 
may  be  so  slight  as  to  occasion  very  little  impairment  in  the 
hearing,  and  the  subjective  noises  may  constitute  the  sole 
symptom  of  which  the  patient  complains,  the  labyrinthine 
structures  being  involved  at  a  very  early  period.  As  the 
process  advances,  the  subjective  noises  change  their  charac- 
ter, becoming  of  lower  pitch,  and  finally  they  may  disappear 
entirely,  owing  to  a  complete  destruction  of  the  nerve  fila- 
ments.  This  same  general  train  of  symptoms  is  occasionally 
met  with  in  cases  of  chronic  suppurative  inflammation  where 
\he  process  is  still  active,  or  in  residuary  cases,  but  is  always 
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present  to  a  much  less  degree  than  in  the  instances  of  hyper- 
plastic otitis  media.  The  reason  for  this  is  probably  twofold, 
the  first  being  that  the  process  within  the  tympanum  has 
been  followed  by  destruction  of  portions  of  the  conducting 
mechanism,  and  increased  labyrinthine  tension  maybe  pres- 
ent  to  only  a  very  slight  degree.  As  a  second  reason,  we 
should  reitiembcr  that  the  inflammatory  process  within  the 
labyrinth  ilself  is  not  of  such  a  character  as  to  lead  to  the 
deposit  of  new  tissue,  but  to  an  increase  in  the  amount  of 
perilymph.  This  increase  takes  place  slowly,  and  is  com- 
pensated for  by  the  passage  of  the  fluid  outward  into  the 
endocranial  lymphatic  spaces. 

In  addition  to  the  tinnitus,  disturbance  of  the  equilibrium 
is  frequently  complained  of.  This  points  to  the  invasion  of 
that  portion  of  the  labyrinth  in  immediate  relation  with  the 
semicircular  canals,  as  well  as  involvement  of  the  canals 
themselves.  The  vertigo  maybe  constant  or  intermittent, oc 
curring  only  upon  some  sudden  change  in  the  position  either 
of  the  entire  body  or  of  the  head,  or  it  may  be  due  to  visceral 
disturbances.  Sudden  changes  in  intratympanic  pressure  do 
not  under  normal  conditions  cause  vertigo;  but  when  the  ap- 
paratus which  presides  over  the  static  condition  of  the  body 
is  in  unstable  equilibrium,  even  a  slight  disturbance  may  cause 
giddiness.  A  sudden  closure  of  the  Eustachian  tube — the  re- 
sult of  an  acute  rhinitis  or  naso-pharyngilis — or  a  [Kiwerfu! 
effort  at  blowing  the  nose,  or  a  severe  fit  of  coughing,  may 
so  alter  the  pressure  as  to  bring  on  an  attack  of  dizziness. 
Any  process  which  suddenly  increases  the  blood  pressure 
within  the  labyrinth  is  capable  of  bringing  on  vertigo.  Here 
we  may  mention  violent  exercise,  suddenly  lowering  the 
head  in  stooping,  intense  mental  excitement. as  either  rage  or 
grief,  etc. 

The  vertigo  seldom  persists,  but  disappears  in  late  stages 
of  the  disease.  The  impairment  of  hearing  varies  greatly  in 
degree,  and  the  subjective  symptoms  may  cause  the  patient 
to  seek  relief  before  he  has  noticed  any  change  in  the  power 
of  audition.  The  reason  of  this  is  that  the  perception  of 
the  highest  notes  of  the  musical  scale  is  of  Hitlc  use  in  the 
ordinary  vocations  of  life,  and  conversation  may  be  perceived 
without  difficulty,  although  the  upper  tone  limit  is  consid- 
erably lowered. 

The  clinical  history  detailed  above  presupposes  the  in* 
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volvcmcnt  of  but  one  car.  Sooner  or  later  the  organ  of  the 
opposite  side  becomes  involved,  and  then  the  impairment  in 
(unction  becomes  decidedly  noticeable  and  increases  with 
great  rapidity.  The  balance  of  evidence  at  present  seems  to 
favor  the  view  that  Ihc  involvement  oi  the  car  of  the  oppo- 
site side  is  due  to  an  cxtcn.sion  of  the  process  from  the  one 
first  attacked,  ratherthan  that  it  is  dependent  upon  an  inflam- 
matory process  similar  in  character  but  of  primary  origin. 
This  extension  can  readily  be  understood  if  we  remember 
the  crossing  of  the  fibres  of  the  eighth  nerve  in  the  medulla, 
through  which  the  cortical  auditory  region  receives  fibres 
from  the  labyrinth  of  either  side,  but  chiefly  from  the  oppo- 
site labyrinth.  An  involvement  of  this  principal  terminal  ap. 
paratus  would  cause  degenerative  changes  to  take  place  in 
(he  centre  itself.  These,  in  turn,  would  excite  certain  dis- 
turbances in  that  portion  of  the  cortex  deriving  its  supply 
from  the  nerve  of  the  side  corresponding  to  the  cortical  area, 
thus  ablating  the  function  of  this  portion  of  the  cochlea  of 
this  side.  Clinical  observation  shows  that  in  a  large  propor- 
tion of  cases  of  hyperjjlastic  otitis  media,  with  complicating 
labvrinihine  involvement,  the  labyrinthine  changes  in  the  ear 
last  affected  are  more  extensive  than  those  in  the  organ  first 
invcilved.  Of  twenty-six  of  my  own  cases,  sixteen  exhibited 
this  condition.*  The  tympanum  also  becomes  involved  sec- 
ondarily, but  to  a  much  less  extent  than  the  labyrinth,  and 
the  iin]>airnicnl  of  function  seems  to  be  due  chiefly  to  the 
labyrinthine  changes.  These  alterations  occur  so  rapidly 
that  the  patient  not  infrequently  presents  with  the  history 
that  the  car  first  involved  is  at  present  of  the  most  use  to 
him.  It  is  of  great  importance  to  obtain  a  correct  history 
of  the  case,  and  we  should  learn  definitely,  if  possible,  in 
which  car  the  impairment  of  hearing  began,  and  at  what 
period.  Unless  great  care  is  taken  to  obtain  these  data  a 
grave  error  may  be  made. 

After  the  terminal  filaments  of  the  auditory  nerve  have 
been  the  seat  of  changes  for  a  considerable  period,  the  sub- 
jective noises,  which  were  at  first  distressing,  become  less 
severe,  owing  to  the  complete  ablation  of  function  of  this  por* 
tion  o(  the  cochlea.  The  spontaneous  cc.viation  of  tinnitus  in 
one  ear  furnishes  a  clew  to  the  information  desired,  and  it  is 
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usually  the  case  Ihat  the  organ  first  involved  causes  less  dis- 
tress from  this  cause  than  docs  its  fellow.  Where  the  tym- 
panic process  is  marked  in  the  ear  last  involved,  the  symp- 
toms diScr  in  that  the  impairment  of  hearing  is  usually  about 
equal  upon  the  two  sides,  or  audition  is  perhaps  slightly  bet- 
ter upon  the  side  last  involved. 

Diagnosis. — A.  Physical  Examinntion. — Upon  inspecting  tlic 
car  wc  have  presented  a  picture  of  chronic  catarrhal  inflam- 
mation, or  the  various  changes  resulting  from  a  suppurative 
process.  In  the  nonsuppuniti%'e  variety  the  parts  may  vary 
but  little  from  the  normal  standard,  as  far  as  appearances  arc 
concerned,  the  reason  being  that  the  pathological  changes 
take  place  mostly  at  the  oval  and  round  windows.  The  more 
external  parts  of  the  conducting  mechanism  may  be  but  little 
affected.  The  color,  density,  lustre,  and  position  of  the  drum 
membrane  may  be  within  normal  limits,  provided  the  changes 
have  been  hyperi)!aslic  from  the  start.  In  those  cases  sec- 
ondary to  a  hypertrophic  process  the  position  of  the  drum 
membrane  is  usually  abnormal ;  it  is  commonly  retracted  lo  a 
greater  or  less  degree,  and  presents  variations  in  density  in 
different  areas,  while  the  breadth  of  the  malleus  handle  is 
either  greater  or  less  than  under  normal  conditions,  from  a 
rotation  of  this  ossicle  upon  its  long  axis.  This  has  been 
fully  described  in  a  previous  chapter. 

Where  the  internal  ear  is  involved  as  the  sequel  to  a  sup- 
purative inflammation  which  has  run  its  course,  the  appear- 
ances vary  according  to  the  amount  of  destruction  which  has 
taken  place.  The  postero-supcrior  quadrant  is  the  region  to 
be  particularly  inspected  as  throwing  light  upon  the  probable 
cause  of  the  involvement  of  the  perceptive  portion  of  the 
auditory  system.  We  may  find  the  stapes  forced  deeply  into 
the  oval  niche  and  fixed  by  adhesions,  which  bind  the  crura 
firmly  to  the  borders  of  the  pelvis  ovalis,  or  a  tense  posterior 
fold  may  cause  a  similar  condition.  The  niche  of  the  round 
window  is  quite  frequently  in  view,  and  should  always  be 
examined  for  adhesions,  as  these  may  play  an  important  part 
in  the  productic)n  of  the  symptoms.  Where  the  stapes  has 
become  separated  from  the  incus,  during  the  course  of  a  sup- 
purative inflammation,  the  condition  of  the  other  ossicula  may 
be  practically  disregarded,  since  the  structures  within  the  pel- 
vis ovalis  and  niche  of  the  round  window  alone  affect  the  con- 
dition of  the  labyrinth.     In  the  nonsuppurative  cases  it  iS 
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important  to  determine  whether  the  iniddlc-ear  affection  has 
become  quiescent,  or  whether  it  is  stilt  active  and  progress- 
ive. To  decide  this  definitely  is  often  impossible  ;  although 
hypenemia  at  the  inner  extremity  oi  the  bony  meatus,  close 
to  the  tympanic  ring,  may  usually  be  looked  upon  as  an  evi- 
dencc  that  the  tympanic  affection  is  still  active,  while,  if  the 
parts  arc  pale,  the  process  is  probably  quiescent,  and  the  laby- 
rinlhinc  changes  arc  not  liable  to  be  augmented  by  the  fur- 
ther progress  of  the  mtddlc-ear  lesion. 

B.  Functional  Examination. — The  hearing  is  impaired  both 
for  sharp  sounds  and  lor  whispered  or  spoken  words.  It 
may  be  roughly  stated  that  where  the  labyrinthine  involve- 
ment is  extensive,  sharp  noises  arc  relatively  more  poorly 
heard  than  speech,  the  converse  being  true  when  a  tympanic 
affection  predominates. 

The  lower  tone  limit  is  elevated,  the  upper  tone  limit  re- 
duced, the  degree  varying  with  the  extent  of  the  labyrinthine 
lesion;  bone  conduction  is  decidedly  diminished  or  may  be 
entirely  absent.  Rinne's  experiment  will  be  negative  for  the 
lower  notes  of  the  scale,  becoming  positive  as  the  test  is  made 
with  the  higher  forks.  It  is  now  important  to  determine  in 
any  given  case  how  much  of  the  impairment  depends  upon 
the  condition  within  the  tympanum  and  how  much  upon  the 
secondary  labyrinthine  changes.  If  wc  compare  the  degree 
of  defective  audition  fur  whispered  or  spoken  words  with  the 
point  ia  the  musical  scale  at  which  Rinne's  experiment  be- 
comes positive,  we  have  an  estimate  of  the  relative  amount 
of  middle -car  and  labyrinthine  involvement.  Where  this 
point  lies  high  in  the  musical  scale  in  cases  where  the  func- 
tion is  impaired  to  a  marked  degree,  wc  arc  warranted  ia 
the  conclusion  that  the  chief  trouble  lies  within  the  tympa- 
num. Confirmatory  of  this  we  fmd  the  upper  lone  limit  but 
slightly  lowered,  and  bone  conduction  either  nurmal  or  but 
Httic  impaired.  Naturally  the  age  of  the  patient  must  be 
taken  into  account  in  drawing  these  deductions.  If,  on  the 
other  hand,  we  have  to  deal  with  a  patient  who  hears  the 
whisper  only  when  the  words  arc  repeated  close  to  the  car, 
and  Rinne's  experiment  becomes  positive  in  the  lower  portion 
ol  the  scale,  the  tympanum  is  not  the  part  most  involved.  In 
such  an  instance  we  should  expect  to  find  a  marked  lowering 
ol  the  upper  tone  limit,  and  poor  bone  conduction.  In  de- 
ciding this  question,  it  is  well  to  make  several  examinations, 
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since  any  sudden  disturbance  within  the  tympanum  causing  a> 
temporary  increase  in  labyrinthine  pressure  might  mislead  u&. 
The  results  obtained  from  tunctional  examination  conducted 
in  this  manner,  taken  in  connection  with  the  history  of  the 
case,  the  age  of  the  patient,  etc.,  will  seldom  fail  to  render 
the  diagnosis  clear.  Certain  symptoms  of  which  the  patient 
complains,  such  as  the  cessation  of  subjective  noises,  the 
presence  or  absence  of  paracusis  VVillisii,  evidences  of  audi- 
tory fatigue,  and  marked  variations  in  the  hearing  power 
dependent  upon  meteorological  changes,  arc  also  of  value. 
With  reference  to  this  last  symptom,  I  feel  certain  that  van-  M 
ations  following  changes  in  the  weather  are  quite  as  charac- 
tcristic  of  an  affection  of  the  cochlea  as  of  one  of  the  middle 
ear.  This  point  has  been  sufficiently  considered  in  a  prcri- 
ous  section. 

The  reaction  of  the  auditory  nerve  to  electrical  stimuli  is 
o(  diagnostic  value.  If  a  hypcraisihctic  condition  is  present, 
this  denotes  activity  or  prr^ression  of  the  disease,  but  does 
not  locate  it  definitely,  since  this  hypcra:sthc5ia  may  depend  i 
upon  the  excitation  of  the  terminal  filaments  by  a  progre&^ve  ■ 
tympanic  inflammation,  or  it  may  be  the  result  of  an  active 
process  within  the  labyrinth.  The  inspection  of  the  parts 
will  usually  enable  the  sut^eon  to  decide  whether  the  tym- 
panic inflammation  is  active  or  quiescent,  and  in  this  way  to 
determine  the  cause  of  the  hyperesthesia. 

It  should  be  the  rule  to  investigalc  both  ears  with  equal 
care,  otherwise  incipient  involvement  may  be  overlooked. 
Galvanic  hypcra;sthcsia  upon  one  side  may  depend  upon  In 
flammation  ol  the  opposite  tympanum. 

Prognosis. — Any  implication  of   the  peripheral  filaracnla 
of  the  auditory  iicrvc,  secondary  to  changes  within  the  mid- 
dle car,  constitutes  in  every  case  a  grave  condition.    The  ulti> 
mate  result  must  be  considered  both  with  reference  to  tht 
further  progress  of  the  disease  and  to  correcting  the  effects 
already  produced.     In  the  cases  following  a  destructive  io. 
flammation  within  Ihc  tympanum,  a  steady  advance  of  the  ■ 
symptoms  is  seldom  looked  for.     We  occasionally  meet  with 
instances  in  which  a  preceding  suppurative  otitis  media  af- 
fecting one  side  only,  produces  late  in  life  certain  disturbances  ■ 
In  the  organ  upon  llic  opposite  side.     When  this  occurs  ihc  ^ 
prognosis  as  regards  ihc  hcallhy  ear  isof  chief  moment,  ihc 
other  organ  having  been  practically  useless  for  a  long  time. 
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If  unchecked  by  projier  measures  a  steady  advance  must  be 
expected.  In  nonsii[ipurativc  cases  the  involvement  of  one 
car  is  (ollowed  sooner  or  later  by  a  corresponding  process 
upon  the  opposite  side.  In  unilateral  ca.'ics,  il  wc  can  do 
nothing  to  improve  the  condition  ol  the  affected  organ,  the 
early  adoption  of  measures  directed  to  the  removal  of  its  effect 
u[w>n  the  opposite  ear  may  stop  the  progress  completely.  In 
bilateral  cases  we  may  usually  assume  that  where  the  tym- 
panic disease  predominates  upon  the  side  first  involved,  its 
proper  treatment  will  not  only  improve  the  function  of  botli 
organs,  but  will  stop  the  progress  of  the  disease  complelely. 
With  regard  to  the  progress  of  the  labyrinthine  lesion  in  the 
organ  first  affected,  this,  almost  without  exception,  advances, 
unless  checked  artificially,  until  the  function  of  the  ear  is  en- 
tirely ablated.  The  probable  result  of  treatment  will  depend 
upon  the  extent  to  which  the  process  has  advanced  before  the 
case  comes  under  observation.  Where  we  judge  that  a  com- 
paratively small  portion  of  the  cochlea  is  involved,  we  may 
hope  to  restore  the  function  to  a  great  degree.  If  extensive 
changes  have  taken  place,  complete  retrogression  must  not 
be  hoped  for.  But  a  considerable  amelioration  of  the  symp- 
toms may  occur  even  in  cases  of  long  standing.  In  general, 
those  cases  dependent  upon  suppurative  disease  are  much 
more  favorable  than  those  where  connective-tissue  hyperplasia 
has  occurred  primarily. 

Treatment — First  of  all  we  must  remove  any  condition 
within  the  tympanum  which  might  cause  labyrinthine 
changes.  In  otlier  words,  treatment  directed  to  the  middle 
car  is  not  contraindicatcd  in  instances  of  mixed  disease,  ex- 
cept in  cases  where  the  labyrinthine  condition  is  the  most 
prominent  feature  nud  lias  existed  for  so  long  a  time  as  to 
render  its  relief  impossible  even  if  the  tympanic  lesion  could 
be  overcome.  Adhesions  must  be  absorbed  or  divided  ac- 
cording to  their  density.  In  suppurative  cases  surgical 
measures  arc  practically  the  only  ones  at  our  disposal,  and 
the  stapes  and  the  membrane  about  the  round  window  must 
be  relieved  of  any  increased  tension.  Tense  bands  must  be 
divided  according  to  the  principles  of  aseptic  surgery,  and 
this  process  continued  until  the  niche  of  the  oval  and  round 
window  is  perfectly  free.  In  the  nonsuppurative  cases  sur- 
gical measures  may  be  called  into  requisition,  although  here 
with  less  promise  of  success  than  in  the  preceding  instances. 


OF  THE  LABI 


This  subject  has  been  thorowghly  dealt  with  under  Middle 
Ear  Operations,  and  need  not  be  repeated.  The  procedures 
are  to  be  instituted  both  for  the  organ  first  affected  and  (or 
its  fellow  of  the  opposite  side.  Concerning  the  administru- 
tion  of  drugs,  pilocarpine  seems  to  be  the  remedy  best 
adapted  to  these  cases.  It  is  to  be  administered  preferably 
by  the  mouth,  beginning  with  doses  of  one  eighth  to  one 
sixth  of  a  grain  twice  or  three  times  daily,  the  amount  to  be 
increased  according  to  the  toleration  of  the  patient  U  ben^ 
fit  is  to  be  obtained,  the  constitutional  effects  of  the  drug  must 
be  produced,  and  its  administration  continued  for  a  period  of 
two  monlhs,  and  in  many  cases  longer.  No  improvemenl 
should  be  expected  under  two  weeks  or  a  month,  and  it  is 
frequently  delayed  beyond  ihis  lime. 

Where  one  car  has  been  considered  useless  by  the  patient 
for  many  years,  a  condition  of  torpidity  of  the  auditory  ncrtc 
and  corresponding  centres  manifests  itself.  This  is  best  com- 
bated by  the  administration  of  strychnine  in  full  duses,  bt^o- 
ning  with  one  fortieth  of  a  grain  three  times  daily,  increasing 
to  one  twentieth  or  one  fifteenth  if  the  drug  is  well  burnc. 
This  drug  may  be  advantageously  administered  in  conncctioo 
with  pilocarpine. 

Where  there  is  a  history  of  either  hereditary  or  acquired 
specific  disease  the  iodides  in  full  doses  frc(}ucntly  produce 
remarkable  results.  Much  has  been  written  of  late  upon 
the  treatment  of  these  cases  by  sonorous  vibrations  by  means 
of  the  phonograph  or  some  similar  instrument.  This  form  d 
treatment  is  by  nu  means  new.  the  idea  being  mentioned  by 
Toynbcc.*  who  reports  a  case  of  great  improvement  follow- 
ing the  use  of  the  conversation  tube  for  a  considerable  period 
of  time.  In  tliis  instance  the  human  voice  was  the  agent  cm- 
ployed.  Later,  tuning  forks  were  used  for  the  same  purpose, 
the  fork  being  maintainicd  in  vibration  before  the  patient's  car 
for  a  certain  length  of  time,  and  effecting  both  massage  ol 
the  rigid  ossicular  articulations  and  stimulation  of  the  audi- 
tory nerve  itself.  The  employment  of  the  phonograph,  vibro- 
phone,  vibromcter  and  similar  devices  for  cflecting  the  same 
result,  is  merely  an  application  of  this  principle,  the  apparatus 
used  being  of  tittle  importance. 

There  is  evidence  to  show  that  by  following  this  plan  sub- 

*  liitauiCt  of  ik»  E«r,  p.  433. 
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jectivc  noises  arc  reduced  in  intensity  and  the  hearing  in  cer- 
tain cases  improved.  For  a  considerable  period  of  lime  I  have 
advised  the  use  of  some  simple  form  of  conversation  tube,  the 
patient  being  rend  to  by  an  attendant  for  perhaps  ten  or  fif- 
teen minutes  twice  daily,  in  a  tone  of  voice  that  can  be  easily 
perceived.  Any  words  which  are  not  clearly  heard  should 
be  repeated  distinctly  at  least  ten  times.  In  this  way  the 
torpidity  of  the  receptive  centre  is  overcome  and  (he  patient 
learns  to  interpret  correctly  the  words  wliicli  he  hears,  aU 
though  ihcy  may  not  be  perfectly  heard.  The  process  is 
exactly  similar  to  that  of  a  child  teaming  to  talk,  or  of  an 
adult  learning  a  foreign  language,  the  sensorium  being 
really  educated  so  as  to  correctly  interpret  the  perverted 
auditory  stimuli. 

The  relief  of  subjective  noises  seldom  forms  a  prominent 
indication  for  treatment  in  cases  of  advanced  labyrinthine 
<liseasc.  Where  these  arc  distressing,  however,  a  period  of 
temporary  relief  may  usually  be  obtained  by  the  administra- 
tion of  large  doses  of  hydrobromic  acid,  and  it  is  wise  in  all 
cases  to  employ  this  drug  when  the  noises  first  appear.  U 
they  arc  allowed  to  continue,  the  higher  centres  become  so 
irritated  that  the  removal  of  the  primary  cause  of  the  disease 
may  fail  to  relieve  this  distressing  symptom  completely.  Con- 
ccrning  the  cflcct  of  climate  upon  the  progress  of  the  affec- 
tion but  little  is  actually  known,  and  I  have  never  considered 
-the  mutter  of  climate  of  siifTicieiit  importance  to  insist  upon  a 
change  of  residence  lor  the  aural  affection  alone.  Ut  much 
more  importance  is  the  general  condition  of  the  patient. 
Overfatigue,  mental  strain,  irregularities  in  diet,  or  the  ex- 
cessive xis.il  of  stimulants  must  be  positively  interdicted.  The 
employment,  except  when  it  is  imperative,  of  any  drugs — 
such  as  quinine  or  salicylic  acid — which  arc  known  lo  cause 
an  intense  congestionof  the  labyrinth,  must  also  be  forbidden, 
since  their  ingestion,  even  in  small  dases,  may  excite  the  pro- 
cess  to  renewed  activity.  Diathetic  conditions  must  be  con- 
trolled, particularly  those  of  a  gouty  or  rheumatic  character. 


CHAPTER  XL. 


:,ABVRJNTniNE  SUPPLBATION.^ — ACUTE  INFLAMMATION  OF  THE 
LABYRINTH  SFXONDAKy  TO  ACUTE  OR  CHkONlC  FURULENT 
OTITIS    MEniA. 

iEtiology.  — This  form  of  inflammation  of  the  labyrintli  is 
usually  confined  to  those  cases  in  wliich  the  middle-ear  afia- 
tion  de|>ends  viix>n  an  acute  infectious  disease,  sucli  as  scark-t 
fever,  diphtheria,  measles,  epidemic  intliienza,  cerebro-spiail 
meningitis,  or  typhus  fever.  It  may  follow  a  severe  attack  of 
suppurative  otitis  media,  developing  from  exjH>sure  to  colJ. 
from  a  traumatic  cau.se,  such  as  the  accidental  introduction  of 
fluid  into  the  tympanum,  or  nipturc  of  the  mcmbrana  tym- 
pani.  The  disease  may  follow  either  an  acute  or  chronic  niiil- 
die-ear  suppuration.  Its  occurrences  in  child  life  may  be  ex- 
plained from  the  fact  that  the  internal  wall  of  the  middle  ear 
is  less  dense  at  this  time  than  later  in  life.  In  order  that  the 
entire  auditory  mechanism  should  be  involved  in  an  inflamma- 
tory process,  the  infection  must  be  of  great  virulence,  and  this 
tiepends  u[Hin  the  severity  of  the  acute  infectious  disease. 

PathoIoEy."^TIiis  condition  tia.s  been  called,  not  inappro- 
priately, paiwlitis.  As  the  result  of  infection  within  the  mid- 
dle car  the  softer  structures  rapidly  break  down,  while  the 
firmer  osseous  tissue  becomes  carious,  and  arc  cither  com- 
|)Ietely  destroyed  or  suffer  a  considerable  loss  of  substance. 
The  periosteum  coveriiifj  the  inner  tymjKinic  wall  takes  part 
in  these  changes,  and  not  infrcc|uently  an  acute  inflammation 
of  the  underlying  osseous  tissue  rcstdts.  The  propagation 
of  the  condition  to  the  labyrinth  may  take  place  cither  di- 
rectly through  the  diseased  bony  wall  or  at  the  labyrinthine 
vi^indows.  Post-mortem  examination  frecjueiitly  sliows  a  ik- 
stmction  of  the  membrane  of  the  round  window,  or  a  loss  of 
substance  at  the  staped to- vestibular  articulation,  the  infectious 
material  having  entered  through  these  channels.  The  tissue 
changes  which  take  place  do  not  differ  from  those  obsenred 
in  the  miildle  ear.  Microscopic  investigation  reveals  the  prc»* 
encc  of  the  bacilli  of  suppuration  ImhIi  in  the  hlood  vessels 
atid  in  the  tissues.     Local  necrosis  occurs  early,  and  the  firm 
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osseous  tissues  either  disintegrate  and  are  thrown  off  in  the 
profuse  secretion  incident  upon  the  inflainniatory  process,  or  the 
necrosis  may  result  in  the  foriiiaiion  of  a  sequestrum,  which 
is  either  tliscliarfjed  siiontanciHisIy  or  is  reniuved  hy  surgical 
interference.  The  cimditiim  may  extend  frnm  the  laliyrinth  to 
the  meninges,  cither  along  the  sheath  of  the  auditory  rierve  or 
through  the  vestibular  or  cochlear  aqueducts,  causing  cither  a 
purulent  or  serous  meningitis.  These  extensive  changes  may 
canst'  partial  or  cunipletc  destniction  of  the  end  organ  of  the 
auditory  nerve.  During  the  rejjarative  process  new  osseous 
tissue  may  be  deposited  and  obliterate  the  labyrinthine  cavity 
to  a  greater  or  less  extent. 

Symptomatology. — Occurring  in  young  siih;ecls  most  fre- 
<Iiieii1ly.  liie  symptoms  ilejjend  upon  llie  intenrjc  systemic  in- 
fection rather  than  upon  the  invoivement  of  the  terminal 
]K)rtion  of  the  auditory  apixirauis.  The  involvement  of  the  laby- 
rinth in  consequence  of  an  acute  process  witliin  the  middle 
ear  announces  itself  in  older  subjects  by  the  sudden  appear- 
ance of  giddiness,  tinnitus,  and  impainnent  of  hearing.  A  sud- 
dai  invasion  of  the  labyrinth  is  nsiially  chariicteri7.ed  by  a 
rather  abnipt  rise  in  temi>crature.  In  my  own  cases,  I  have 
never  seen  the  tcnipcratnre  rise  above  101",  atlhuugli.  in  the 
very  acute  cases,  the  temperature  may  go  to  104".  'I'hc  pulse 
is  ordinarily  corresiHinchngly  rapid.  A  ]K'rsislence  of  the  high 
temperature  is  usually  followed  by  the  development  of  menin- 
geal synipI<Miis,  due  to  the  extension  of  the  inllanmiatory  proc- 
ess along  the  sheath  oF  the  auditory  nerve  to  the  meninges. 
W'lien  the  itnicr  tympanic  wall  becomes  involved  in  (his  manner, 
facial  paralysis  is  not  uncommon,  owing  to  a  partial  destruction 
of  the  a<|ua;<luctus  I-'allopii,  exposing  the  facial  nerve  to  infec- 
tion. Occasionally  dehiscences  are  found  in  the  osseous  covering 
of  the  facial  nerve  when  there  has  been  no  iKithological  prtvcess, 
in  which  case  a  simple  inflammation  of  the  middle  ear  produces 
\]ui  symptom  uilhout  causing  a  loss  of  substance  in  the  wall 
of  the  aqmeducius  Fallopii,  Hence,  facial  paralysis  atone  is 
not  necessarily  an  evidence  that  the  disease  has  involved  the 
Iwny  wall.s,  The  interference  with  equilibrium  may  de|icnd 
ui>on  the  entrance  of  the  infectious  material  into  the  vestibule, 
or  the  horizontal  scmicircidar  canal  situated  high  up  on  the 
inner  tympanic  wall  may  be  the  seat  of  involvement;  in  the  lat- 
ter case  dislurljance  of  equilibrium  alone  is  present,  while  the 
function  of  audition  is  scarcely  jwrvertcd  or  interfered  with. 
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The  most  ustinl  avtmiK  of  extension  is  through  the  horizontal 
semicircular  canal,  willi  invdlvenietu  of  llie  vestibule.     An  in- 
flamniatoiy  process  in  this  localian  produces  the  characteristic 
syniplonLs  first  mentioned,  namely,  vertigo,  (innitus.  and  impair- 
ment of  liearing.    The  vertigo  in  these  cases  may  be  so  9e\tn 
as  to  cmiRiie  the  patient  lo  lied,  or  may  be  slight,  and  may  only 
be  elicited  Ijy  caa-ful  examination.    Tlie  tendency  of  the  patiem 
is  usually  to  fall  toward  the  heahhy  side.     Tile  vertigo  maybe 
present  only  when  the  iiatient  attempts  to  walk  with  the  cm 
closed,  or  as  dcnionslrated  by  von  Stein.*  ihc  vertigo  may  tmly 
be  pronounced  when  the  iKilicnt  attempts  lu  jump  forward  w 
backward  with  the  eyes  closed.    .Another  symptom  characteristic 
of  the  condition,  is  nystagmus.     Nystagnias  may  l»e  cither  lat- 
eral or  rotary^  but  is  usually  most  marked  when  the  cy«  a« 
turned  toward  the  healthy  side.     In  some  cases  I  have  seen  the 
nystngnuis  presL-nt  when  the  eyes  were  turned  toward  the  dis- 
eased side  as  well,  liiit  the  symptom  is  usually  more  exaggerated 
when  the  eyes  arc  turned  toward  the  healthy  side. 

Since  the  petrous  bone  lodges  the  internal  carotid  arteiy 
severe  liiL-niurrhage  from  tlic  car  may  be  a  symptom  of  this  ex- 
tensive tiestruction.  If  the  carotid  is  erotled  this  h.xmorrliage 
is  usually  fatal.  From  the  proximity  of  the  cranial  CMitcflls 
direct  infection  of  the  meninges  may  follow,  with  the  cha^a^ 
teristic  symptoms  of  meningitis.  It  is  prolrable  that  a  localiied 
inlhninnalion  of  the  labyrinthine  structures  in  the  immediate 
neigh IxirhtHxl  of  the  fenestra  rotunda  sometimes  ocairs.  with* 
out  .spreading  tn  the  ailire  labyrinth.  In  those  cases  which  ilit 
not  lemiinatc  fatally,  the  hearing  for  the  upper  portion  of  llic 
musical  scale  remains  greatly  imjKiircd,  and  there  is  but  littk 
promise  of  a  favorable  tcnnination  under  any  plan  of  treat- 
ment. A  portion  of  specialized  end  organ  of  the  auditory 
nerve  has  been  completely  destroyed  by  the  disease,  and  mani- 
festly can  nut  be  regenerated  by  therapeutic  measures.  .Any 
portion  of  the  cochlea  which  has  remained  intact  nm  stiK 
rcsijond  to  the  stimuli  of  sonorous  vibrations,  and  the  remoi'a! 
of  certain  conditions  which  interfere  with  its  proper  action  may 
preserve  the  remnant  of  the  auditory  function. 

Diagnosis. — A.  Physical  £.r(7»ii'Ha/io»i.— Siieculum  exami- 
nation reveals  but  little  in  these  cases.     The  picture  is  one  of  i 
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*Traiuactioiis  of  (he  7th  Inlcninlicmal  Otolopcal  CotigrcK,  Bordoiu, 
p.  2»J7. 


suppurative  otitis  media  of  great  severity,  and  in  the  early 
stages  tliis  is  all  that  can  be  made  out.  At  a  later  period  the 
presence  u£  carious  Ihmc  gives  rise  to  tlic  fonnation  of  exuber- 
ant granulations  in  the  tympanic  cavity,  wlnle  careful  exami- 
nation with  the  probe  may  reveal  denuded  areas  upon  the  inner 
tympanic  wall.  The  profuse  <liscliarge  is  also  indicative  of 
extensive  tissue  necrosis.  Careful  examination  of  the  gait  and 
the  appearance  of  the  nystagmus  on  examination  of  the  eyes  arc 
also  valuable  aids  in  diagnosis.  Accorihng  to  (he  investiga- 
tions of  Barany,*  if,  under  normal  conditions,  one  car  is 
syringed  with  cold  water  there  will  be  produced  a  nystagmus 
toward  the  opposite  side.  This  symptom  is  more  pronounced 
when  the  dnim  membrane  is  wanting  than  in  cases  where  it  is 
intact-  If  the  labyrinth  is  destroyed,  syringing  with  cold  water 
will  produce  no  nystagmus.  The  employment  of  tins  lest  is, 
therefore,  of  value  in  dcnihtfnl  cases,  as  dctfrmining  tahyriii- 
thine  involvement.  'I'hc  test  is  i»nrtiadarly  valuable  in  making 
a  differential  diagnosis  Ix-twecn  a  cerebellar  abscess  and  in- 
volvement of  (he  labyrinth.  With  destruction  of  the  labyrinth, 
spontaneous  ny-stagmns  ocairs  toward  the  hcnitliy  side,  ami  the 
reaction  on  sjTJnging  with  eold  water  would  he  negative.  In 
ca.se  of  a  nystagmus  directed  toward  the  affected  side  with  a 
negative  reaction  to  syringing  with  cold  water,  labyrinthine 
lesion  can  be  excluded,  and  the  lesion  must  lie  iti  the  cerebellum. 
B.  Funclional  Rxammalion. — In  young  subjects  an  exami- 
nation of  this  kind  is  manifestly  impossible.  Occurring  in 
patients  of  sufficient  age  to  answer  questions  intelligently,  it 
is  often  of  great  service  in  enabling  us  to  determine  the  pres- 
ence or  absence  of  the  condition  in  ([ucstion.  l^one  eonchiction 
is  usually  diminished,  but  owing  to  the  fact  that  the  internal 
ear  stniclnres  arc  not  completely  destroyed  in  this  condition, 
this  diminution  in  bone  conduction  may  not  be  marked.  In 
two  cases  (»f  extensive  destruction  of  the  labyrinth,  I  have 
foiinit  the  tuning-fork  placed  on  the  vertex  referred  to  the 
affected  side,  although  al)solnte  bone  conduction  was  some- 
what diminished.  'I'he  upper-lone  limit  is  usually  lowered, 
although  this  lowering  may  not  be  very  great  If  wc  add 
to  this  loss  of  percepiion  of  high  niusicil  notes  the  dimin- 
ished bone  conduction  and  the  intense  vertigo,  we  have  a  com- 

•  "  Unlcrauctivngcn  Obcr  den  vom  Vtstitnilurappamt  de*  Obrc*  reflckluriic]) 
au^eelAsien  ihyihniiMrlitrii  Nyslairniiit  iinil  <icinc  Itegleilcnchcinungcd."  Monaii* 
»chrin  (Ur  Ohfcnhcilk.,  190(1,  vol.  xt. 
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bination  of  symptoms  which  can  mean  nothing  Inil  lahyrimhloc 
inviiU-emcTU. 

Prognosis. — The  prognosis  is  absolutely  unfavorable  as  lo 
the  complete  restoration  of  the  function  of  the  organ,  although 
considerable  useful  hearing  may  remain.     As  to  life,  the  out- 
look is  grave,  especially  in  young  subjects.     In  adults,  extensioa 
to  the  meninges  is  less  common,  and  a  favorable  termination 
may  lje  Imped  for.     Much  (Ic))cn(U  upon  the  degree  of  infec* 
tion.  :ind  this  varies  with  the  disease  which  lias  cruiscil  ihe  in- 
flammation uithin  the  tym]»anum.     Complete  ablation  of  audi* 
tion  is  less  liable  to  take  place  in  adults  than  in  children,  hot 
considerable  interference  with  function  must  always  \x  kwtnxl 
lot.     At  an  early  age  this  termination  means  deaf-mutism,  awl 
it  is  otir  ■buy  lo  bear  tliis  in  mind  in  giving  an  opinion. 

Treatment— The  treatment  of  the  condition  shoidd  be  it 
first  prophylactic.  This  consists  in  the  pro(>er  treatment  of  llie 
acme  otitic,  securing  free  drainage  by  early  incision  of  ihedruiti 
uienibrane.  and  the  prunipl  opening  of  the  m:isloi<l  process  in 
cases  where  free  drainage  of  the  middle  ear  is  not  efficient  in 
ciinlrolling  the  supiiuralivc  proce.ss.  The  [lossibilily  of  involvt- 
nitnt  of  the  kibyrinth  in  every  case  of  acute  ti  ill  animation  >hout(l 
always  W  lionic  in  mind,  and  should  prompt  the  surgeon  » 
resort  to  surgical  interference  early.  After  the  laln-rinthiiw 
synipioms  have  appeared,  if  the  fever  continues  more  than 
twenty-four  or  forty-eight  hours,  the  radical  o|)eralion  sliould 
Ik-  ]K'rfonned  in  order  that  the  labyrinthine  walls  may  Itc  exam- 
ined, 'i'hc  region  of  the  boriztmlal  semicircular  canal  and  of 
the  oval  and  round  windows  should  be  carefully  inspectctL  An 
erosion  may  aomctinics  be  discovered  over  the  linrizontal  semi- 
circular canal,  this  con.siitiiting  the  path  of  infection.  In  other 
cases  the  oval  window  may  be  found  open  and  a  probe  may  he 
passed  directly  into  the  vestibule.  In  chronic  cases  we  some- 
limes  find  the  footplate  of  the  siapes  wanting,  and  the  oval 
window  fdlcd  with  granulation  tissue.  When  any  of  lliesc 
conditions  are  present,  free  drainage  of  tlie  labyrinth  shouUl  be 
secured.  This  is  best  effected  by  ojwning  the  horizontal  semi- 
circular canal  at  its  most  prominent  part,  Ihe  convexity  of  the 
canal  being  removed  so  as  to  obtain  free  access  to  its  lumen;  the 
canal  is  tben  followed  to  the  vestibule.  The  vestibule  is  thus 
ojwned  where  the  horizi>ntal  semicircular  canal  joins  it,  and  the 
opening  is  enlarged  downward  so  as  to  freely  drain  the  vcsli- 
bnle.     Next,  the  oval  window  should  be  enlarged  downward 
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and  forward,  so  that  the  ve&tibule  may  be  drained  into  the 
middle  ear.  In  carrying  out  this  procedure  the  curptte  or 
gouge  is  so  applied  as  to  remove  that  portion  of  the  promontory 
which  Hcs  between  the  oval  and  the  roxmd  window.  It  is 
nece&iwry  to  remove  a  portion  of  the  lower  turn  of  the  cochlea, 
in  order  to  effect  free  drainage.  "When  the  operation  for  drain- 
ing the  vestibule  has  been  completed,  a  probe  may  be  passed 
through  the  oval  mndow,  upward  and  backward,  so  that  it 
will  emerge  through  the  opening  in  the  horizontal  semicircular 
canal.  Care  must  be  taken  to  leave  the  thin  bridge  of  bone 
above  and  behind  the  oval  window,  as  this  bridge  of  bone 
lodges  the  facial  nerve,  and  destruction  of  this  bony  canal  often 
leads  to  facial  paralysis.  If  care  is  exercised  this  bony  bridge 
can  usually  be  preserved  and  the  facial  nerve  will  remain  in- 
tact. In  cases  where,  during  the  radical  operation,  a  small 
sinus  is  found  in  the  horizontal  semicircular  canal,  and  no 
labyrinthine  symptoms  have  been  present,  it  is  then,  usually, 
only  necessary  to  remove  this  carious  area,  and  complete 
drainage  of  the  vestibule  i&  not  neee.'sary.  It  is  only  when 
labyrinthine  symptom-s  present  themselves  that  the  internal 
ear  should  be  drained  in  the  manniT  described.  Where  the 
disease  affecLs  the  cochlea,  no  attempt  should  be  made  to 
remove  the  entire  cochlea,  but  only  the  lower  turn  of  the  coch- 
lea, and  possibly  the  second  turn  shoiUd  be  drained  by  the 
removal  of  the  outer  wall.  Particular  care  should  he  used 
not  to  open  the  apex  of  the  cochlea,  as  in  this  way  the  modiolus 
is  destroyed,  and  infection  of  the  ccrebro-spinal  fluid  through 
the  internal  auditory  meatus  may  take  ])lacf.  Only  the 
lower  turn  and  the  sec<ind  tiun  of  the  cochlea  should  be 
removed.  After  the  labyrinth  has  been  drained  in  the  manner 
described,  a  strip  of  gauze  should  be  inserted  into  the  enlarged 
oval  window  and  a  second  into  the  opening  in  the  horizontal 
semicircular  canal,  thus  draining  the  labyrinth  as  completely 
as  possible.  The  large  bony  cavity  resulting  after  the  radical 
operation  should  be  treated  according  to  the  ndes  already  laid 
down  in  describing  the  radical  operation.  Naturally,  primary 
grafting  should  not  be  done  wlicre  the  labyrinth  has  been 
opened.  In  drainage  of  the  labyrinth  by  the  Neumann 
method  the  dura  in  the  middle  fossa  is  exposed,  the  lateral 
sinus  is  exposed,  and  then  the  entire  semicircular  canal  system 
is  removed  by  taking  away  the  bone  in  the  triangle  bounded 
above  by  the  exiK>sed  dura,  behind  by  the  lateral  sinus,  and 
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Thn  plate  ahowi  the  lomplcic  ladlrtil  u|H-iiktlon,  wlih  alilalEon  of  ibc  pometiat, 
hodaanUI,  and  »u[)i-iiur  acmkiiEuUr  ctinoFi,  with  ilrainuoc  of  lh«  rcaibulc  posltriorir.J 
Thr  ovoJ  window  has  ulw3  bfirn  cnlargril  duwnwaiiJ  and    (onvartl,  k>  u  lo  drain  ihej 
11-itIbule  anlcrintly.     The  curved  Miunil  it  pftiwM  through  I  he  rnliTgr<l  tivul   uin4?< 
ufiwnrd  and  bnck'w-ard  into  (he  vciiibulc.  p.-iaung  bcnuth  Ibr  bridge  at  bone 
lofigcs  ihc  (aciiil  iiurvc.     (Author's  Jisactlimi.J 
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in  front  by  the  facial  ridge.  All  bone  excepting  the  thin 
ridge  containing  the  facial  nerve  is  removed.  This  drains 
the  semicircular  canals  and  vestibule.  The  cochlea  is  drained 
exactly  as  in  the  preceding  operation.    See  plate  xvii. 


CHAPTER  XLl. 


INVOLVEMENT    OF    THE    PERCEPTIVE    MECHANISM    IN    THE 

ACUTE    INFECTIOUS   UISEASES. 

During  the  course  of  scarlatina,  diphtheria,  measles, 
mumps,  typliiis  or  typhoid  fever,  variola,  influenza,  etc.,  the 
organ  of  hearing  is  ncit  infrequently  the  seat  of  marked 
pathological  changes.  In  scarlet  fever,  diphtheria,  mcasln, 
and  influenza,  and  to  a  less  degree  in  variola,  the  middle  ear 
is  the  part  first  attacked  in  most  cases,  and  any  labyrinthine 
involvement  is  due  to  an  extension  of  the  tympanic  inflam- 
mation. VVc  meet  with  instances,  however,  in  which  the 
specific  poison  exerts  a  direct  influence  upon  the  labyrinth, 
in  some  cases  the  middle  ear  remaining  healthy,  while  in 
others  there  has  evident!y  been  a  double  infection,  the  laby- 
rinthine process  in  no  way  dejicnding  upon  the  changes  whicfc 
have  taken  place  in  the  tympanum. 

Pathology. — In  the  diseases  already  enumerated  the  poison 
i.s  conveyed  to  the  labyrinth  through  the  blomj  current,  and 
excites  an  inRammation  of  the  tissues  which  line  its  bony  chan- 
nels, in  some  cases  causing  a  disintegration  of  a  large  portion 
of  the  terminal  apparatus  of  the  auditory  nerve,  while  in 
others  the  local  process  docs  not  reach  this  degree,  but  results 
in  an  effusion  of  fluid  into  the  labyrinthine  cavity,  with  the 
result  ol  increasing  the  tension  upon  the  contained  parts,  as 
well  as  of  the  membranes  covering  the  round  and  oval  win- 
dows. If  the  effusion  is  sufficient  in  amount  to  overcome  the 
elasticity  of  these  limiting  membranes,  the  function  of  the 
labyrinth  is  for  a  lime  perverted,  particularly  for  those  parts 
lying  immediately  in  the  neighborhood  of  the  round  and  oval 
windows.  It  is  probable  that  the  small  capillary  channels  of 
the  aqueducts  which  permit  any  excess  of  perilymph  to  pass 
into  the  intracranial  lymph  spaces  arc  partially  occluded,  and 
hence  relief  to  pressure  in  this  direction  is  impossible.  Under 
these  conditions  the  disturbance  of  function  depends  entirely 
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The  auritlc  is  tcm  litnwn  ftirwiirri  .init  Ihe  eiiftli'jrnary  tiuriailiiT  Itsp  «tjtchcrl  in 
positi'in:  u.  RcprrwntK'Iimi  cxpi>se<l 'tvtT  miHfllr  fosso:  h.  Intrml  sinus  ntpostTl- 
Sole  thai  ihc  <iur»  in  frfint  ni  sinws  is  exposed  for  a  cnnsi<leTali!c  (listanct.  Tht 
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iiKiiil  ri'lKT,  forwaril  anil  ontwaiii,  (hirmgli  Ihe  opening  ina<l«  by  upening  the  6nt 
and  second  tunu  ol  the  cochlea  lauihor's  dissectionj. 


SYMPTOMATOLOGY— DIAGNOSIS. 


655 


Upon  the  invasion  of  the  labyrinthine  cavity,  even  although 
the  middle  car  may  have  been  the  scat  o(  changes  as  well. 

Symptomatology.^Thcse  cases  are  characterized  by  vary* 
ing  degrees  of  impairment  ol  heariug  and  rather  moderate 
subjective  noises.  In  the  milder  cases  in  adult  life  the  pa- 
tients hear  more  poorly  in  a  noise  than  in  a  quiet  place.  The 
impairment  of  hearing  is  particularly  marked  in  general  con- 
versation. In  other  instances,  and  when  the  primary  disease 
which  has  produced  the  condition  has  been  severe,  a  high 
degree  of  deafness  is  present,  the  voice  being  heard  only 
when  the  patient  is  spoken  to  loudly  in  the  immediate  vicinity 
of  the  ear.  The  exanthemata  are  particularly  prone  to  affect 
the  organ  of  hearing  in  this  way.  and  are  most  common  in 
childhood;  at  this  age  such  a  condition  must  lead  to  mutism 
unless  speedily  remedied,  and  the  recognition  of  the  nature 
of  the  process  is  of  greater  importance  in  childhood  on  this 
account. 

Diagnosis. — The  diagnosis  in  these  cases  depends  upon 
the  fact  that  the  middle  ear  is  either  perfectly  healthy,  or 
presents  changes  which  are  evidently  incapable  of  producing 
the  degree  of  functional  impairment  present.  The  functional 
examination  is  characteristic  of  labyrinthine  changes  rather 
than  of  those  met  with  in  a  lesion  ol  the  conducting  appara- 
tiis.  The  lower  tone  limit  may  be  normal  or  but  slightly 
elevated,  even  although  extensive  changes  have  occurred 
within  the  tympanum.  The  upper  tone  limit  is  greatly  low- 
crcd  ;  bone  conductii>n  reduced  in  spite  of  the  presence  ol  a 
tympanic  lesion,  or  nearly  absent  where  the  tympanum  is  in 
a  healthy  condition.  Not  infrequently  tone  gaps  arc  present 
in  the  upper  portion  of  the  musical  scale. 

Prognosis.— When  changes  are  of  recent  origin,  we  arc 
warranted  in  believing  that  considerable  improvement  may 
follow  proper  therapeutic  measures,  and  in  cases  ol  long 
standing  it  is  by  no  means  impossible  to  improve  the  condi- 
lion  very  materially.  In  childhood,  particularly,  internal 
medication  is  followed  by  the  happiest  results,  and  the  pa- 
tients  should  always  have  the  benefit  of  the  doubt,  even  al- 
though the  case  may  seem  apparently  hopeless. 

Treatment.— For  the  reduction  of  labyrinthine  pressure 
and  the  absorption  of  the  exudation,  the  administration  o( 
pilocarpine  tirst  in  small  doses — the  amount  being  rapidly 
increased  as  the  patient  becomes  accustomed  to  its  use— 
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causes  a  marked  iniprovcment  in  the  hearing^,  and  the  im- 
provement is  usually  permanent.  In  cases  of  long-  standing 
the  torpidity  of  the  nerve  is  to  be  combated  by  the  use  of 
strychnine  as  well.  This  drug  must  be  administered  in  much 
larger  doses  than  those  ordinarily  recommended  in  order 
that  this  effect  may  be  produced.  An  additional  indication 
for  its  administration  is  to  combat  the  depression  which  the 
prolonged  use  of  the  pilocarpine  frequently  causes.  It  is 
scarcely  necessary  to  say  that  the  most  careful  attention 
must  be  paid  to  the  general  condition  of  the  patient,  and  in 
the  case  of  children  every  effort  is  to  be  employed  to  educate 
the  power  of  audition  as  it  improves. 

Having  considered  involvement  of  the  perceptive  appara- 
tus  in  acute  infectious  diseases  from  a  general  point  of  view, 
a  few  remarks  may  not  be  out  of  place  in  regard  to  some  of 
the  particular  changes  following  certain  of  these  maladies. 

Mumps. 

Epidemic  parotiditis  is  particularly  prone  to  affect  the 
labyrinthine  structures  rather  than  the  middle  ear.  Recent 
investigations  seem  to  prove  clearly  that  this  local  inflamma- 
tion is  due  to  infection  from  the  blood  current  in  precisely 
the  same  manner  as  in  a  complicating  orchitis.  The  effect 
upon  the  perceptive  apparatus  is  usually  very  profound,  and 
its  occurrence  in  early  life  is  a  not  infrequent  cause  of  deaf- 
mutism. 

The  symptoms  detailed  above  are  all  characteristic  of 
labyrinthine  disease  dependent  upon  this  cause.  The  same  is 
true  of  the  diagnostic  measures  employed  and  the  therapeu- 
tic means  at  our  disposal. 

Regarding  the  prognosis  in  these  instances,  treatment  is 
followed  by  the  happiest  results  if  instituted  early.  When 
the  patient  does  not  come  under  treatment  until  a  considera- 
ble time  has  elapsed,  the  complete  restoration  of  function  can 
not  be  hoped  for,  although  moderate  improvement  may  be 
expected. 

Typhus  and  Typhoid  Fever. 

In  typhus  or  typhoid  fever  interference  with  sound  per- 
ception is  probably  due  to  the  changes  which  the  specific 
poison  of  the  disease  causes  in  the  cerebrum  itself  rather  than 
to  any  effect  upon  the  terminal  filaments  of  the  nerve.    That 
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this  is  the  case  seems  to  be  borne  out  when  wc  consider  the 
degree  of  impairment  oi  bearing  which  these  patients  fre- 
quently present,  and  its  disappearance  during  the  period  of 
convalescence. 


EnnKMic  Influenza;  DiPiirirERtA, 

In  epidemic  influenza,  and  in  some  cases  of  diphtheria,  it  is 
probable  that  the  perceptive  apparatus  occasionally  suHers 
through  changes  in  the  auditory  nerve  trunk  similar  to  those 
occasionally  (ound  in  the  optic  nerve  following  these  diseases. 
These  are  of  the  nature  of  a  peripheral  neuritis,  and  involve 
the  nerve  trunk  to  a  varying  degree.  As  a  result,  sclerotic 
changes  occur  with  atrophy  of  the  nerve  fibres. 

The  interference  with  function  will  depend  upon  the  ex- 
tent of  the  lesion,  and  the  possibility  of  restoring  the  pans  to 
a  normal  condition  will  depend  upon  the  same  fact.  The 
condition  is  characterized  by  an  interference  with  the  percep- 
tion of  the  middle  notes  of  the  musical  scak-,  the  tone  limits 
remaining  normal.  Bone  conduction  is  not  destroyed  com- 
pletely, although  it  is  much  diminished.  The  galvanic  irrita- 
bility of  the  nerve  is  usually  increased. 

The  treatment  should  be  directed  toward  the  improve- 
ment  of  the  general  condition  of  the  patient.  Mental  and 
physical  rest  should  be  secured.  The  food  should  be  tif  the 
most  nourishing  quality,  while  the  general  neurasthenic  con- 
dition should  be  combated  by  the  administration  of  strych- 
nine.  After  the  acute  symptoms  have  subsided,  this  drug 
should  be  given  in  large  doses,  to  secure  its  well-known  spe- 
cific effect  upon  the  nerve  tissues. 


Epidemic  Ckrkbro-spinai.  Meninc.itis. 

Pathology. — In  scarlet  fever,  diphtheria,  measles,  mumps, 
typhus  and  typhoid  fever,  variola,  epidemic  influenza,  etc..  the 
primary  invasion  of  the  labyrinth  occurs  by  direct  infection 
through  the  blood  current.  When  the  meninges  arc  invaded 
by  the  specific  germ  ol  the  disease  under  consideration,  the 
inflammatory  process  extends  along  the  lymph  channels  of  the 
vestibular  and  cochlear  aqueducts,  and  inv«jlves  the  structures 
located  within  the  bony  labyrinth.  During  the  early  stages 
both  the  perilymph  and  endolymph  are  increased  in  quantity, 
while  at  the  same  time  their  composition  undergoes  a  change 
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through  the  action  of  the  specific  germ.     Later,  the  booy 
walls  arc  the  scat  of  inflammatory  changes.     Both  the  ar- 
teries and  veins  become  dilated.    There  is  a  migration  of 
white  blood  cells  into  the  surrounding  tissues,  and  true  tissue 
hypertrophy  takes  place.     From  the  extensive  proliferation 
of  the  blood  vessels  themselves  in  the  newly  deposited  tissue, 
the  wnlls  of  these  channels  are  of  unusual  tenuity  and  rupture 
easily.     Hence  extravasation  of  blood  constitutes  one  of  tlK 
conditions  found.    The  newly  deposited  tissue  increases  in 
density,  and  may  be  transformed  into  bone,  in  which  case  the 
semicircular  canals  or  cochlea  are   partially  or  completely 
obliterated.     In  other  portions  the  chief  force  of  the  disease 
expends   itself   in  tissue  necrosis ;  the  labyrinthine  channels 
being  filled  with  pus.    Occasionally  the  tympanum  is  invaded 
secondarily  by  a  rupture  of  the  membrane  at  the  round  or 
oval  windows,  allowing  the  inflammatory  products  to  escape 
into  the  middle  car.    From  the  tympanic  involvement  die 
drum  membrane  is  soon  destroyed,  and  a  purulent  otorrhoa 
manifests  itself.     Naturally  this  condition  is  somewhat  rare, 
as  death  usually  takes  place  before  sufficient  time  has  ebpsed 
for  its  completion. 

Symptomatology. — In  addition  to  the  symptoms  charao 
(eristic  of  meningeal  inflammation,  we  have  vertigo,  sudden 
loss  of  hearing,  and  intense  tinnitus.  In  very  young  chil- 
dren the  vertigo  may  be  the  only  evident  symptom,  on  ac- 
count of  the  age  of  the  patient.  Occurring  in  older  indi- 
viduals, the  access  of  subjective  noises  is  usually  sudden, 
while  their  intensity  is  so  great  as  to  be  agonizing.  The 
hearing  is  either  completely  destroyed  at  once,  or  this  con- 
dition occurs  at  the  end  of  a  few  hours  after  the  appearance 
of  the  symptoms.  Preceding  these  marked  evidences  of  labf- 
rinthine  invasion,  the  power  of  audition  may  be  abnorm-iIlT 
acute,  probably  from  the  hyperasmic  condition  of  the  laby- 
rinthine structures.  This  hyperacusis  may  be  so  marked  tlui 
faint  sounds  even  are  painful,  the  patient  starting  at  the  slight- 
est noise,  and  complaining  of  an  increase  in  the  headache 
characteristic  of  meningitis.  After  a  short  time  the  subjective 
noises  diminish,  owing  to  the  destruction  of  the  terminal  fila- 
ments of  the  eighth  nerve,  and  the  hearing  remains  pro- 
foundly impaired  for  the  same  reason.  The  power  of  equi- 
librium gradually  returns,  although  this  is  more  slow,  per- 
haps, than  the  disappearance  of  the  subjective  noises.    The 
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DIAGNOSIS— PROGNOSIS. 

involvement  of  the  middle  car  is  evidenced  by  the  ordinary 
symptoms  of  an  acute  purulent  iaffauraation  arising  from 
any  olher  cause. 

Diagnosis. — A.  Physical  txamination  is  of  importance  in 
tliat  it  yields  absoiutcly  negative  results,  the  nienibrana  lym- 
pani  and  meatus  presenting  a  normal  appearance.  From  tlic 
absence  of  any  deviation  from  the  standard  of  health,  togeth- 
er with  the  presence  of  subjective  symptoms  referable  to  the 
ears,  suspicion  is  naturally  directed  toward  the  nervous  ap< 
paratus. 

B.  Functionat Examtunliofi. — Impairment  of  hearing,  both 
for  sharp  sounds  and  speech,  is  cither  profound  or  the  patient 
is  absolutely  deaf.  II  any  power  of  audition  remains,  it  is 
usually  for  the  low  iiolcs  of  the  scale,  the  higher  notes  not 
being  heard  at  all.  Rare  exceptions  arc  found  where  the 
apex  oi  the  cochlea  is  first  involved.  This,  however,  occurs 
but  seldom;  in  (act,  the  lower  notes  of  the  scale  may  be  heard 
with  abnormal  clearness  during  the  stage  of  hypera'mia  on 
account  of  the  hypcrarsthctic  condition  of  the  nerve.  Bone 
conduction  is  gre.illy  diminished,  and  after  a  few  hours  is 
absolutely  lost.  It  may  be  completely  absent,  although  the 
ear  may  still  perceive  sounds  by  atrial  conduction. 

Prognosis. — If  the  patient  recovers  from  the  meningeal 
inflammation  the  outlook  for  the  preservation  of  hearing  is 
exceedingly  grave.  In  severe  cases  absolute  deafness  results, 
while  in  the  milder  instances  a  certain  amount  of  audition 
may  be  preserved.  The  disappearance  of  the  subjective 
noises  is  a  rather  unfavorable  symptom,  since  it  denotes  com- 
plete anaisthesiu  of  the  auditory  nerve  or  perceptive  centres, 
and  oden  absolute  destruction  of  the  terminal  nerve  filaments. 
The  involvement  of  the  labyrinth  in  no  way  affects  the  prog, 
nosis  as  regards  life.  This  disease  is  ol  particular  moment 
when  met  with  in  very  early  life,  since  the  loss  of  ihc  audi- 
tory perception  renders  the  patient  mute  as  well  as  deaf. 
This  is  true  even  if  the  child  has  learned  to  talk  fairly  well, 
such  words  as  have  been  learned  being  forgotten.  In  older 
children  mutism  may  not  follow,  since  the  association  between 
written  and  spoken  words  is  sufficient  to  preserve  the  power 
of  speech.  The  effect  of  treatment  is  usually  unsatisfactory 
in  the  severe  cases,  although  In  the  less  severe  cases,  where  a 
certain  amount  of  hearing  has  been  preserved,  the  function  of 
the  organ  may  be  still  further  improved. 
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Treatment. — But  little  can  he  done  to  prevent  the  cikten- 
sion  of  the  mcniiij^cal  infiammation  to  the  labyrinth.  With 
the  development  ol  the  hypcracusis  it  is  wise  to  apply  oold 
locally  to  the  mastoid  process,  while  at  the  same  time  Iree 
bloodletting  is  advisable,  provided  the  general  condition  ol 
the  patient  will  athnii  of  this.  Free  catharsis  should  also  be 
obtained  i(  the  general  condition  does  not  contraindicate  it 
II  our  eHorts  are  unsuccessful,  nothing  can  be  done  until  ibe 
acute  symptoms  have  subsided,  after  which  the  reduction  oi 
labyrinthine  pressure  by  the  use  of  pilocarpine,  cither  ad- 
ministered hypodcrmically  or  by  the  mouth,  is  always  advis- 
able, and  is  frequently  followed  by  favorable  results.  This 
is  true,  although  the  patient  may  not  present  for  treatraeot 
until  a  considerable  period  after  the  attack  of  meningitis,  and 
where  a  careful  examination  seems  to  indicate  that  even  a 
small  portion  of  the  cochlea  has  escaped  destruction,  the  util- 
ity of  the  organ  can  usually  be  improved.  In  addition  to  the 
pilocarpine,  strychnine  in  large  doses  is  an  agent  of  consider- 
able value  in  preventing  a  rapid  degeneration  of  the  nerve 
fibres  in  the  trunk,  from  the  changes  which  have  taken  place 
in  the  labyrinth.  When  the  acute  symptoms  have  completely 
subsided,  exercise  of  the  organ,  cither  through  the  agency  of 
the  human  voice — a  conversation  tube  being  used,  if  necessary 
— or  by  the  employment  of  some  instrument  based  upon  the 
principle  of  the  phonograph,  may  still  further  improve  the 
hearing.  It  is  to  be  specially  remembered  that  both  dynamic 
and  therapeutic  measures  must  be  continued  for  a  long  period 
in  order  to  be  of  the  least  value,  and  any  slight  gain  is  to  be 
looked  upon  as  encouraging.  It  is  wise,  in  case  pitocarpioc 
is  to  be  administered  for  a  long  period,  to  occasionally  stop 
it  altogether  for  an  interval  of  one  to  three  weeks,  after  which 
it  is  to  be  resumed,  beginning  with  small  doses-  The  general 
condition  of  the  patient  must  always  be  kept  as  near  normal 
as  possible,  and  all  conditions  are  to  be  avoided  which  disturb 
the  labyrinthine  circulation  cither  directly  or  indirectly. 
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CHAPTER  XLn. 


INVOLVEMENT  OF  THE  PERCEPTIVE 

MENINGITIS. 


MECHANISM  IN  ACUTE 


PatbolOEf7. — Meningitis  oi  the  nonepidcmic  type  may  pro- 
duce secondary  chcingcs  in  the  labyrinth  in  the  same  manner 
as  the  epidemic  form  cl  the  disease-  A  traumatic  meningitis 
i3  usually  localized,  nnd  consequently  ihe  labyrinthine  in- 
volvement is  unilateral  as  a  rule.  Iti  addition  to  direct  exten- 
sion through  the  labyrinthine  aqueduct,  the  funclinn  of  audi- 
tion may  be  interfered  with  either  by  direct  pressure  of  the 
products  of  inflammation  upon  the  auditory  nerve  trunk,  or 
by  the  involvement  of  the  nerve  sheath  itself  in  the  i)roccss, 
or  by  a  localized  meningitis  over  the  cortical  auditory  area. 
When  the  labyrinth  is  the  scat  of  the  lesion,  the  process  diflcrs 
from  that  met  with  in  the  epidemic  variety  of  the  di,sca.se,  in 
that  it  is  less  extensive  and  seldom  leads  to  the  complete  de- 
struction of  the  parts  within  the  bony  capsule.  Pressure 
upon  the  nerve  trunk  causes  degeneration  of  the  nerve  fibres 
according  to  well-known  physiological  laws,  but  seldom 
causes  a  destruction  of  all  the  fibres  of  the  trunk.  A  cortical 
lesion  presents  essentially  the  same  characteristics  in  that  the 
entire  sensory  area  is  seldom  destroyed. 

An  idio[)athic  meningitis  interferes  with  the  auditory 
function  in  the  same  manner,  the  exact  pathological  process 
depending  upon  the  location  of  the  intracranial  lesion. 

Symptomatology. — The  sym[)tonis  will  vary  according  to 
the  particular  location  of  the  meningeal  inflammalion.  Where 
direct  extension  to  the  labyrintli  occurs,  subjective  noises  of 
varying  intensity,  moderate  or  severe  vertigo,  and  a  varying 
degree  of  impairment  o!  hearing  arc  present.  The  severity 
of  each  of  these  symptoms  will  depend  upon  the  extent  to 
which  the  labyrinth  is  invaded.  Where  the  trunk  of  the 
nerve  is  attacked  the  same  conditions  are  present,  although 
here  the  auditory  impairment  is  the  pniminent  symptom,  and 
is  usually  most  pronounced  for  the  middle  notes  of  the  scale, 
4t  gui) 


perception  for  high  and  low  notes  being  fairly  well  preserved. 
In  either  case  the  impuirmcnt  of  function  is  unilateral,  the 
opposite  organ  remaining  perfectly  healthy. 

Meningitis  over  the  convexity  of  the  brain  involving  the 

tical  perceptive  area  interferes  with  the  function  of  both 
the  defect  being  most  marked  upon  the  side  opj 
the  cortical  area  involved. 

If  the  affection  is  labyrinthine  there  is  but  Utile  tendency 
to  an  increase  in  the  symptoms,  but  rather  to  a  spontaneous 
retrogression.     Where  the  nerve  trunk  or  the  cortical  cen- 
tres arc  the  parts  primarily  involved,  the  symptoms  increase 
or  diminish  according  as  the  meningitis  becomes  more  dif- 
fuse or  yields  to  appropriate  therapeutic  agents.      In  trau- 
matic cases  the  nrca  affected  may  be  so  located  as  to  cause 
an  interference  with  equilibrium  alone,  the  hearing  remain, 
ing  intact,  while  tinnitus  is  absent.    Another  symptom  quite 
characteristic  is  the  development  of  hypcracusis  ordy.sacusis, 
this   latter   symptom  corresponding  to  the   familiar  ocubr 
disturbance,  photophobia,  so  characteristic  of  meningeal  in- 
flammation. 

Lesions  invnlving  the  cortical  areas,  or  the  paths  ol  com- 
municatiun  within  the  brain  itself,  produce  the  quite  char- 
acteristic  symptom  of  word  deafness;  the  sound  is  heard  but 
is  not  interpreted,  or,  if  interpreted,  is  recognized  imperfectly 
or  slowly.     A  somewhat  similar  condition  presents  when  the 
trunk  of  tlie  nerve  is  involved,  on  account  of  the  interferenct 
with  the  middle  portion  of  the  musical  scale.     As  this  por- 
tion of  the  register  is  the  one  ordinarily  employed  in  conver- 
sational speech,  the  power  of  interpreting  language  is  some- 
what perverted,  especially  when  the  conversation  is  genenl. 
Complete  deafness  lor  any  particular  word  or  combination 
of  sounds  does  not  exist,  hotvever.  but  simply  impaimicnt. 
Again,  as  wc  shall  sec,  the  complete  functional  examination 
of  the  case  enables  us  to  distinguish  with  considerable  ex- 
actness between  the  two  conditions.    While  a  labyrinthine 
lesion  in  the  early  stages  is  characterized  by  distressing  tin- 
nitus, any  inflammation  of  the  meninges  which  causes  either 
pressure  upon  the  nerve  or  upon  the  cortical  perceptive  area 
does  not,  as  a  rule,  present  this  characteristic.     Where  pres- 
sure is  exerted  upon  the  trunk  of  the  nerve,  atrophy  takes 
place  quite  early :   hence  any  noise  which    may  have  been 
present  in  the  incipient  stage  may  disappear;  and  the  same 
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is  true  where  the  lesion  is  cortical.  The  future  progress  of 
the  case  will  depend  upon  the  intracranial  changes  prcscnt. 
In  traumatic  meningitis  the  disappearance  of  the  acute  local 
lesion  will  cither  be  followed  by  a  rapid  decrease  in  the 
symptoms  if  the  products  of  ihe  inflammation  are  absorbed. 
or  the  condition  may  remain  permanent,  there  bcingf  no  tcnd- 
cnc)"  to  progression.  This  is  true  of  those  cases  where 
cither  an  epidural  or  cerebral  abscess  docs  not  follow.  If 
either  o(  these  conditions  is  present  the  symptoms  increase 
as  the  localized  collection  of  pus  becomes  augmented  in 
volume. 

Diagnosis-— Our  diagnosis  will  depend  upon  the  history 
cither  of  a  traumatism,  or.  in  idiopathic  cases,  of  symptoms 
characteristic  of  meningeal  inflammation.  Examination  by 
means  of  the  speculum  will  reveal  the  parts  in  a  normal  con- 
dition.  or,  in  tlie  case  of  injury  t«  the  head,  there  may  be  evi- 
dences of  rupture  of  the  mcmbrana  tympani;  and  it  must  be 
l>Ornc  in  mind  that  when  these  signs  are  present  there  is 
more  difficulty  in  determining  the  actual  condition  of  the 
perceptive  apparatus  on  account  of  the  tympanic  complica- 
lion.  When  no  middle-ear  lesion  exists,  a  determination  of 
the  exact  portion  of  the  perceptive  tract  involved  depends 
entirely  upon  the  functional  examination  and  upon  the  ante- 
cedent history. 

Funilional  Examination.—VJhere  the  lesion  is  labyrinthine, 
the  lower  tone  limit  is  usually  normal,  the  upper  tone  limit 
much  lowered,  bone  conduction  very  slight  or  absent,  while 
the  impairment  of  hearing  for  the  conversational  voice  is 
relatively  less  than  that  lor  high.]>itched  sounds.  If  the  lesion 
is  so  extensive  as  to  cause  impairment  for  the  conversational 
voice,  this  is  seldom  of  a  moderate  degree,  but  the  deafness  is 
almost  absolute.  Paracusis  Willisii  is  absent.  Artificial  aids 
to  hearing  do  not  improve  the  auditory  power,  and  the  pa- 
tient becomes  greatly  fatigued  after  attempting  to  exert  the 
power  of  audition  for  any  considerable  period,  the  hearing 
becoming  rapidly  worse,  and  evidences  of  severe  mental  exer- 
tion manifest  themselves.  The  reaction  to  the  galvanic  cur- 
rent reveals  usually  a  condition  of  marked  hyperiesthcsia 
when  the  lesion  is  recent.  In  cases  of  long  standing  this  con- 
dition may  be  replaced  by  one  nf  tc)r|iidity-  When  the  trunk 
of  the  nerve  is  pressed  upon,  the  upper  and  lower  tone  limits 
vary  but  little  from  normal.    The  notes  of  the  middle  register 
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arc  poorly  heard,  and  bone  conduction  is  cither  absent  or! 
diminished  to  a  marked  extent.  In  testing  bone  conductioa 
in  these  cases  several  tuning  forks  of  different  pitch  should  be 
used,  since  the  nerve  may  react  perfectly  to  forks  of  one 
pitch  while  it  does  not  respond  to  others.  The  eieclrica!  re- 
action shows  a  persistent  hyperxsthctic  condition,  the  degree 
of  hyperjcsihesia  varying  but  little  on  succeeding  days,  and 
being  re|)laced  by  one  of  torpidity  in  the  late  stages  only. 

When  the  cortical  centre  is  implicated  the  presence  of  tone 
gaps  is  a  characteristic  symptom.    The  most  certain  evidence 
of  involvenieni  of  the  cortical  area,  however,  is  the  appearance 
of  word  deafness.     The  patient   hears  isolated   sounds,  and 
even  spoken  words,  but  finds  it  impossible  to  repeat  spoken 
words  or  to  correctly  interpret  their  meaning.     Naturally  the 
lesion  is  bilateral,  although  the  impairment  is  more  marked 
upon  the  side  opposite  the  involved  area.     Bone  conduction 
in  these  cases  is  diminished,  but  seldom  absent  on  account  o( 
decussation  of  the  fibres.    The  tone  gaps  may  be  present  in 
any  portion  of  the  scale.    The  galvanic  current  may  reveal 
hvpcrxsthesia  or  some  other  deviation  from  the  normal  stand- 
ard, such  as  a  reversal  of  the  normal  reaction  formula,  era 
paradoxical  reaction.     This  tatter  terra  is  used  to  designate 
the  condition  in  which  stimulation  of  the  organ  of  one  side  ■ 
produces  phenomena  on  the  opposite  side.     The  concomitxmt      ■ 
symptoms  ordinarily  are  suflicicntly  marked  to  con6rm  tlie 
diagnosis  in  cases  where  cortical  involvement  is  suspected. 

Prognosis. — If  wc  csicludc  meningitis  due  to  abscess  and 
intracranial  tumors,  the  process  is  not  progressive  in  cases 
where  the  lesion  remains  intracranial.  In  the  same  manner, 
although  to  a  less  degree,  an  extension  to  the  labyrinth  sel- 
dom presents  this  tendency,  the  process  being  limited  to  the  ^ 
immediate  area  first  involved.  H 

In  rendering  an  opinion,  therefore,  we  may  confidently 
slate  that  the  hearing  will  improve  rather  than  diminish  «   _ 
age  advances.  f 

Treatment. — In  the  acute  stage  our  measures  of  treatment 
arc  confined  to  those  directed  toward  meningeal  inflamma- 
tion. v\ftcr  the  acute  stage  is  past,  if  the  lesion  is  laby* 
rinthine,  the  administration  of  pilocarpine  hastens  the  absorjv 
tion  ot  the  effusion  within  the  labyrinth,  and  causes  a  rapid 
improvement  in  function  provided  complete  destruction  has 
not  taken  place.    From  the  well-known  action  of  the  iodide 
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of  potassium  on  recent  inflammatory  exudates  it  is  well  to 
ctimbine  this  drug  with  the  pilocarpine  in  moderate  doses. 
Where  the  lesion  is  intracranial,  the  administration  o(  iodide 
of  potassium  lor  a  considerable  period  in  moderate  doses  is 
probably  the  best  means  at  our  command.  Coincident  with 
this  we  may  give  strychnine  in  the  form  ol  the  sulphate  or 
nitrate,  beginning  with  small  doses  and  increasing  the  amount 
to  the  point  of  tolerance.  It  must  be  remembered  that  the 
administration  of  strychnine  should  not  be  begun  until  all 
acute  symptoms  have  disappeared.  In  aises  of  intracranial 
involvement  the  careful  and  systematic  use  of  some  apparatus 
■designed  to  moderately  stimulate  the  auditory  nerve  by  so- 
*norous  vibrations  is  of  undoubted  value.  The  particular  de- 
vice is  of  but  little  importance,  and  may  vary  from  a  simple 
conversation  tube  to  a  more  c()nij>licated  instrument.  It  is 
important  that  the  stimulation  of  the  nerve  in  this  manner 
shall  not  be  carried  too  far.  as,  where  it  is  too  prolonged,  the 
function  of  the  nerve  is  blunted  lather  than  preserved. 


CHAPTER   XLIII. 

THE  EFFECT  OF   DISF.ASES  OF  THE  GENERAL    NERVOOSj 
SYSTEM    UPON   THE    PERCEPTIVE  MEC11A^1SM. 


We  have  already  considered  the  result  of  (he  acute  in- 
flammatory conditions  met  with  in  the  meninges,  and  there 
remains  for  diwnission  those  affections  which  are  character. 
ized  by  degenerative  changes  in  the  various  parts  of  the 
brain.  These  arc  cerebral  congestion,  apoplexy,  cerebral  em- 
bolism, endarteritis,  cerebral  tumors,  disseminated  sclerosis, 
and  tabes  dorsalis.  From  the  location  of  the  cortical  audi, 
tory  centres,  and  the  fact  that  each  auditory  centre  receives 
fibres  from  the  labyrinth  ol  cither  side,  any  cortical  lesion  must 
be  bilateral  and  extensive  to  produce  absolute  deafness  upon 
cither  side.  The  crossing  of  the  auditory  fibres  takes  place  in 
the  medulla  in  the  region  of  the  olivary  bodies,  and  an  intra- 
cranial lesion  upon  one  side  could  only  produce  total  deaf- 
ness in  one  ear  when  situated  between  the  (oramen  of  exit  o( 
the  auditory  nerve  and  the  corresponding  olivarv  body.  A 
tumor  at  the  base  of  the  skull  might  possibly  produce  this 
effect,  but  we  find  that  neoplasms  seldom  occurin  this  region. 

Investigation  of  cases  of  cerebral  haemorrhage  and  of  em- 
bolism show  that  in  comparatively  few  instances  is  the  organ 
of  hearing  affected  to  a  perceptible  degree.  Even  if  the  cen- 
tre upon  one  side  is  largely  destroyed,  its  place  is  supplied  by 
the  corresponding  area  in  the  opposite  cerebral  hemisphere, 
and  the  impairment  in  function  is  but  slight. 

The  symptom  most  characteristic  of  a  cortical  lesion  is 
known  as  "  word  deafness."  Here  words  are  heard  but  not 
understood,  the  patient  simply  obtaining  the  general  impres- 
sion of  sound  without  being  able  to  interpret  iL  A  subjec- 
tive symptom  characteristic  of  the  cortical  involvement  is 
the  presence  of  certain  complex  auditory  impressions  or  hal- 
lucinations. The  patient  seems  to  hear  voices,  the  conversa- 
tion cither  being  directed  to  him.  or  he  may  simply  be  the 
listener.    Among  musicians  these  hallucinations  may  assume 
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the  character  of  well-known  musical  selections  performed  by 
an  orchestra.  The  sufferer  is  able  lo  follow  each  instrument 
as  it  performs  its  special  part,  and  is  frequently  tormented  by 
the  impression  that  one  or  more  is  slightly  out  of  tunc.  The 
exact  pathological  condition  in  the  cortex  exerts  but  little  in- 
flncnce  upon  the  symptoms,  and  may  be  either  congestive, 
hemorrhagic,  degenerative,  sclerotic,  or  neoplastic.  Transi- 
tory subjective  disturbances  of  this  character  are  probably 
due  to  either  cerebral  congestion  or  anaimia.  The  possibil- 
ity of  locating  a  pathological  process  within  the  brain  itself 
depends  upon  the  presence  of  associated  nervous  symptoms 
due  to  the  coincident  involvement  of  contiguous  areas,  while 
at  the  same  time  an  cxarainaiion  of  the  ear  reveals  the  con- 
ducting mechanism  to  be  in  nearly  a  normal  condition. 

In  tabes  dorsalis  the  changes  which  have  been  recognized 
consist  in  an  extension  of  the  sclerotic  process  to  the  auditory 
nerve  itself,  or  to  its  centres.  It  is  characteristic  of  all  affcc* 
tions  of  the  acousiic  nerve  trunk  that  the  electric  excitability 
is  increased  until  degenerative  changes  are  so  far  advanced 
that  the  function  of  the  ear  is  entirely  lost.  A  permanent 
hyperassthesia  of  the  nerve,  therefore,  Is  strongly  indicative 
of  intracranial  disease  if  peripheral  irritation  can  be  excluded 
in  the  given  case.  The  portion  ot  the  musical  scale  most 
affectcrl  is  usually  the  middle  notes  of  the  register,  the  upper 
and  lower  tone  limits  being  normal.  Where  the  cortical 
areas  are  involved  the  same  hyperazsthcsia  may  be  met  with. 
As  distinguished  (mm  a  Uibyrinlhine  lesion,  any  change  in 
labyrinthine  pressure  brought  about  by  artificial  means,  such 
as  inflation  of  the  tympanum,  will  exert  but  little  influence 
upon  the  perception  of  sound  through  the  bones  of  the  skull. 
In  labyrinthine  disease,  the  disturbance  from  labyrinthine 
pressure  brought  about  in  this  way  usually  diminishes  bone 
conduction.  It  is  also  to  be  remembered  that  until  a  high 
degree  of  atrophy  has  been  reached  bone  conduction  is  pre. 
served  when  the  symptoms  arc  due  to  an  intracranial  growth.* 

In  discussing  the  symptoms  in  the  previous  pages  we 
have  confined  ourselves  to  the  hypothesis  that  the  intra- 
cranial process  was  confined  to  the  cerebrum.  When  the 
cerebellum  is  involved,  disturbance  of  equilibrium  occurs,  to- 
gether with  nausea,  while  there  may  be  no  impairment  in  the 
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hearing:.  Changes  in  the  trunk  of  the  nerve  may  give  rise  to 
disturbances  o(  equilibrium,  as  well  as  to  subjective  noises 
and  impairment  of  hearing. 

Practically  the  diagnosis  in  these  cases  depends  more 
upon  the  associated  symptoms  chiiractcristic  of  the  general 
nervous  a^ection  than  upon  the  aural  manifestations.  The 
absence  oF  any  evident  condition  within  either  the  conduct* 
ing  mechanism  or  labyrinth  which  is  capable  of  prtxiucing 
the  symptoms,  while  at  the  same  time  the  evidence  of  the 
general  nervous  affection  is  marked,  is  the  chief  aid  to  diag- 
nosis. 

Regarding  medication  but  little  can  be  said.  The  chief 
indications  for  treatment  will  be  furnished  by  the  general 
nervous  disease.  If  the  aural  symptoms  are  pronounced, 
they  should  be  treated  according  to  the  directions  already 
given.  For  the  subjective  noises  the  bromides  will  usually  be 
found  most  efficacious.  If  there  are  evidences  of  faulty  nutri- 
tion of  lUe  nerve  tissue,  strychnine  in  targe  doses  will  often  be 
of  benefit  in  preventing  the  total  loss  of  function.  Frtjm  the 
possibility  of  a  specific  taint  large  doses  of  the  iodide  of  p(V 
tassium  should  be  given  in  any  case  it  there  is  evidence  o! 
intracranial  involvement. 


f 
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CHAPTER   XLIV, 

AURAL  AFFECTIONS  COMPLICATING  TKK  ACUTE  INFKCTrOUS 

DISEASES. 

We  have  already  considered  the  changes  which  may  take 
place  ill  the  perceptive  portion  of  the  auditory  mechanism 
from  the  acute  infectious  diseases.  In  addition  to  these,  the 
conducting  apparatus  is  a  frequent  site  of  pathological  condi- 
tions from  the  same  cause.  In  a  majority  of  cases  the  acute 
infectious  disease  produces  an  inflammation  of  the  middle  car 
when  this  organ  of  special  sense  is  in  any  way  involved.  It 
may  be  stated,  as  a  general  rule,  that  the  severity  of  the  inflam- 
mation within  the  tympanum  corresponds  in  degree  to  that  oi 
the  exciting  cause.  Thus,  in  the  milder  exanthemata—such  as 
measles,  varicella,  mild  influenza,  and  in  mumps — an  affection 
of  the  middle  ear  is  usually  confined  to  the  lower  portion  of  the 
cavity,  constituting  either  a  tuba.1  catarrh  or  an  acute  catar. 
rhal  otitis  media.  If  rupture  of  the  drum  membrane  takes 
place,  the  <lischarge  is  serous  or  sero-mucous  in  character, 
and  only  becomes  purulent  by  infection  from  without.  In  the 
more  severe  infcctiousdiseascs — such  as  severe  cases  of  rubeola, 
scarlatina,  variola,  typhus  fever,  and  tliplillieria — the  infection 
is  more  virulent,  and  here  the  connective-tissue  structures  arc 
the  chief  scat  of  involvement.  In  other  words,  the  otitis 
media,  which  complicates  the  diseases  just  named,  has  its 
origin  in  the  upper  portion  of  the  tympanic  cavity,  and  con- 
stitutes in  reality  a  cellulitis.  This  cellulitis  follows  the  course 
typical  of  such  a  process  in  any  portion  of  the  body,  and  very 
quickly  results  in  extensive  tissue  necrosis,  the  soft  structures 
breaking  down  with  the  formation  of  pus.  while  after  a  com- 
paratively short  interval  the  contiguous  bony  structures  be- 
come affected  and  rapidly  disorganize.     It  is  probable  lliat  in 
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a  given  case  the  selection  of  the  lower  or  upper  portion  ot  the 
tympanic  cavity  as  the  scat  ol  process  depends  entirely  upon 
the  degree  of  infection  rather  than  upon  the  selection  of  any 
particular  region  by  various  organisms,  the  lower  portion 
being  involved  in  the  milder  cases,  while  the  upper  part  is 
attacketl  in  tlie  more  severe  forms  of  infectious  disease.  Dac- 
tcriologicai  investigation  goes  to  show  that  the  germ  charac- 
teristic of  the  particular  disease  is  not  so  much  the  caused 
the  otitis  media  as  are  the  bacteria  of  suppuration,  and  that 
the  number  of  these  last-named  germs  present  depends  en- 
tirely upon  the  degree  ol  systemic  infection. 

It  may  seem  that  this  line  is  rather  sharply  drawn,  as 
many  cases  present  in  which  at  first  it  is  almost  impossible  to 
reconcile  clinical  experience  with  this  theory.  A  careful  study 
of  many  cases  has  convinced  me  that  where  these  anatomical 
boundaries  arc  transgressed  this  departure  is  always  marked 
by  a  corresponding  change  in  the  general  symptoms  of  the 
patient.  Thus  in  epidemic  inllucnza  of  a  mild  type,  or  in  a 
mild  case  of  measles,  wc  should  expect  the  lower  portion  of 
the  tympanum  to  be  involved,  the  characteristic  signs  being  a 
comparatively  slight  amount  of  pain  in  the  ear,  of  short  dura- 
tion, and  quickly  followed  by  the  effusion  of  scrum  or  sero- 
mucus.  Where  the  quantity  of  fluid  is  not  sufficient  to  cause 
rupture  of  the  membrana  tympani  the  fluid  may  remain  in  the 
middle  ear  for  a  considerable  length  of  time.  During  this 
period  the  temperature  will  remain  moderately  elevated,  or 
may  reach  normal  if  the  process  is  entirely  quiescent.  Sud- 
denly the  temperature  rises  rapidly,  the  patient  exhibits  con- 
siderable prostration,  and  the  pain  in  the  ear  returns.  An 
examination  will  now  reveal  that,  in  addition  to  the  effusion 
already  present  in  the  lower  portion  of  the  tympanic  aivity. 
there  arc  unmistakable  evidences  of  involvement  of  the  vault. 
The  fluid  in  the  middle  ear  is  a  culture  medium  which  favors 
the  development  of  pathological  bacteria,  and  if  these  arc  still 
present,  invasion  of  the  upper  portion  of  the  cavity  may  take 
place  at  any  time.  In  the  same  manner  those  cases  where 
the  process  at  first  seems  confined  to  the  upper  portion  of  the 
cavity,  but  does  not  go  on  and  rupture  through  Shrapnell's 
membrane,  may  remain  quiescent  for  several  days,  the  tem- 
perature becoming  normal  and  the  pain  in  the  car  disap- 
pear, although  the  local  manifestations,  such  as  redness  above 
the  short  process  and  above  the  anterior  and  posterior  ligu- 
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ments  still  continues.  A  sudden  rise  o(  temperature,  with 
pain  in  the  affected  organ,  is  accompanied  by  a  bulging  of  tlie 
entire  posterior  quadrant,  and  a  rapid  extension  of  the  redness 
to  the  region  of  the  membrana  viNrans.  Here  the  products  of 
inHamniation  have  passed  into  the  atrium,  following  the  long 
process  of  the  incus;  and  the  involvemenl  of  the  atrium  is  to 
be  looked  upon  as  a  secondary  infection,  giving  rise  to  distinct 
symptoms.  It  is  scarcely  necessary  to  call  to  mind  the  clinical 
importance  of  the  facts  already  stated  when  wc  remember 
that  any  inflammation  in  the  upper  portion  of  the  tympanic 
cavity  always  constitutes  a  disease  of  considerable  gravity, 
and  one  which  demands  prompt  measures  for  its  relief,  while 
an  inflammation  of  the  atrium  is  comparatively  simple  if  we 
can  confine  it  to  this  region.  According,  then,  as  our  gen- 
cral  disease  is  mild  or  severe,  we  may  predict  with  consider- 
able certainty  a  corresponding  degree  of  aural  involvement. 
The  csacl  method  of  dealing  with  these  conditions  has  already 
been  sufficiently  dilated  upon. 


CHAPTER  XLV. 

AURAL  AFFECTIONS  DEPENDENT   UPON   CHRONIC  VISCERAL 

CONDITIONS. 

In  general,  we  may  state  that  any  changes  within  the  vis- 
cera produce  disturbances  referable  to  the  ear  chiefly  from 
their  effect  upon  the  general  venous  circulation.  Where  the 
venous  flow  through  the  larger  viscera  fe  obstructed,  a  dam- 
ming back  of  the  return  current  from  the  internal  ear  results, 
leading  in  time  to  a  dilatation  of  the  venous  channels  within 
the  auditory  apparatus.  This  is  particularly  true  of  the  laby- 
rinth, and,  as  already  mentioned,  constitutes  a  common  cause 
of  labyrinthine  congestion.  Within  th^  middle  ear  or  within 
the  meatus  corresponding  changes  may  occur,  as  evidenced 
by  an  increased  vascularity  in  the  parts  and  a  greater  tor 
tuosity  of  the  minute  veins. 

Nephritis. 

In  nephritis,  the  pathological  conditions  found  in  the' organ 
of  hearing  depend  both  upon  the  obstruction  to  the  general 
venous  circulation  and  also  upon  that  condition  of  the  arteries 
so  frequently  met  with,  known  as  arterio-capillary  fibrosis. 
As  the  result  of  these  changes  within  the  vessel  walls,  the  tis- 
sues are  poorly  supplied  with  blood,  the  result  being  that  the 
entire  economy  is  in  a  condition  below  the  normal  standard 
of  health.  The  quality  of  the  blood  circulating  within  the 
vessels  is  also  impoverished,  its  fluid  elements  being  relatively 
increased. 

Within  the  tympanum  these  changes  in  the  vessels  and  in 
the  quality  of  the  blood  frequently  result  in  a  transudation 
of  serum  through  the  vessel  walls,  the  lesion  being  similar  to 
that  of  pleural  effusion  in  nephritis.  This  condition  should 
not  be  looked  upon  as  an  inflammation,  although  it  is  fre- 
quently called  otitis  media  serosa.    The  process  is  entirely 
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mechanical,  and  the  fluid  is  the  result  of  transudation,  and 
not  of  an  inflammation.  Ttie  fluid  within  the  cavity  may  be 
absorbed  spontaneously,  or  may  remain  for  an  indefinite  pe- 
riud.  W^hen  the  middle  ear  is  in  this  condition  it  is  more 
liable  to  become  the  seat  of  a  mild  catarrhal  inflammation 
than  under  normal  conditions.  Coincident  with  the  effusion 
there  is  usually  a  partial  or  complete  stenosis  of  the  Eusta- 
chian tube,  due  to  passive  congestion  of  the  lining  membrane, 
with  a  diminution  of  atmospheric  pressure  within  the  middle 
car.  This  change  favors  the  passage  of  fluid  from  the  blood 
vessels  into  the  tympanic  cavity,  and  the  process  lends  to  eflcet 
permanent  changes.  From  the  weakness  ol  the  vessel  walls 
rupture  is  not  uncommon,  and  hoemorrhagic  otitis  media,  or, 
more  properly,  hjemato- tympanum,  is  occasionally  found. 
These  hajmorrhages  may  also  occur  in  the  external  auditory 
canal,  or  between  the  layers  of  the  drum  membrane  itself. 
Similar  changes  may  take  place  within  the  labyrinth,  in  one 
case  causing  an  increase  in  labyrinthine  pressure  cither  by  an 
augmentation  in  the  quantity  of  perilymph  or  by  actual  haim- 
orrhagc  into  the  labyrinthine  channels.  In  the  latter  instances 
the  extravasation  of  blood  may  destroy  the  end  organ  of  the 
auditory  nerve  over  a  given  area,  rendering  it  useless  and  inca. 
pablc  of  performing  its  function.  This  will  lead  to  absolute 
deafness  to  the  particular  sound  which  this  portion  of  the 
cochlea  perceived.  Hasmorrhagic  changes  in  the  sheath  of 
the  auditory  nerve  may  also  complicate  a  chronic  nephritis. 
The  blood  supply  of  the  labyrinth  is  derived  from  several 
channels,  and  henc«  the  occlusion  of  one  of  these  efferent 
vessels  might  take  place  without  seriously  impairing  the  func- 
tion of  the  part,  the  blood  sujiply  being  maintained  through 
the  collateral  circulation. 

Metastasis. 

An  extensive  suppurative  process  in  any  portion  of  the 
body,  such  as  an  acute  osteomyelitis  or  bony  caries,  or  nccro. 
sis  locateil  in  any  region,  may  be  the  point  of  origin  of  infec- 
tious emboli.  These  are  carried  through  the  various  circula- 
tory  channels,  either  into  the  middle  ear  or  labyrinth,  and 
their  lodgment  produces  symptoms  dependent  upon  the  shut- 
ting off  of  the  blood  supply  of  the  parts  beyond,  or  by  a  local, 
ized  secondary  infectious  process  which  they  excite.  It  is 
not  improbable  that  chronic  suppuration  within  the  accessory 


676  COMPLICATIONS  OF  CHRONIC  VISCERAL  LESIONS. 


sinuses  of  tne  nasal  cavity  is  responsible  for  many  obscure 
aural  symptoms  met  with  in  thc9c  cases.  The  entrance  of  an 
embolus  into  the  blood  current  from  one  o(  the  accessory  si- 
/luscs,  and  its  subsequent  passage  into  the  labyrinthine  vessels, 
is  the  most  plausible  explanation  of  the  cases  of  mild  tinnitus 
and  sudden  impairment  of  hearing  of  moderate  degree  which 
arc  frequently  met  with.  In  ulcerative  endocarditis,  an  in- 
fcciion  either  of  the  internal,  middle,  or  external  ear  may 
take  place  in  the  same  manner,  from  a  detachment  of  the  vege- 
tations on  the  cardiac  valves. 

In  acute  pulmonary  affections,  particularly  pneumonia,  an 
acute  middle-ear  influtimiatton  may  result  from  the  passage 
of  the  infectious  germ  through  the  blood  current  and  its 
lodgment  in  the  tympanic  mucous  membrane.  It  is  protiiblc 
that  certain  cases  arc  due  to  the  entrance  of  germs  through 
the  Eustachian  tube.  The  degree  to  which  the  middle  car  is 
involved  will  depend  upon  the  severity  of  the  pulmonary 
process ;  if  this  is  severe,  the  aural  inflammation  will  be  sup- 
purative, while  in  the  milder  cases  it  is  a  simple  catarrhal 
inflammation,  or  may  cease  spontaneously  at  the  stage  of  con 
gestion. 

TUBERCUIXJSIS. 

Tn  tuberculosis,  the  involvement  of  the  middle  ear  is  char- 
acterized  by  the  insidious  manner  in  which  the  infection  de- 
velops, frequently  the  first  symptom  which  the  patient  recog- 
nizes being  discharge  from  the  car.  there  having  been  no 
pain  or  noticeable  impairment  of  licaKng  previous  to  thb 
time.  On  examination,  the  entire  drum  membrane  may  be 
wanting,  and  in  some  cases  the  ossicula  themselves  may  have 
become  involved.  Where  the  destruction  of  the  membrane 
has  taken  place  over  a  limited  area  the  perforation  presents 
a  somewhat  characteristic  appearance.  It  is  usually  circular, 
the  edges  are  thick  and  everted,  and  present,  instead  of  the 
bright-red  color  commonly  observed  in  a  simple  perforation 
of  the  raembrana  tympani.  a  blue-white,  glossy,  edematous 
appearance  comparable  to  that  seen  over  the  arytarnoid  car- 
tilages in  laryngeal  tuberculosis.  Another  condition  which 
is  somewhat  characteristic  is  the  appearance  of  two  or  more 
distinct  perforations  in  the  membrane.  Where  the  ossicles 
arc  involved,  the  surrounding  bony  structures  arc  quickly 
attacked,  and  the  entire  mastoid  may  be  broken  down  even 
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at  a  very  early  period.  It  is  important  to  recognize  the  dis- 
ease in  its  incipiencv,  as  prompt  removal  of  the  afleetcd  parts 
may  check  the  prugress  and  relieve  to  a  degree  the  sys- 
temic condition  dependent  upon  it.  Usually,  when  the  organ 
of  hearing  is  attacked,  the  pulmonary  or  visceral  involvement 
is  an  affair  of  so  much  greater  gravity  than  the  aural  affec- 
tion as  to  make  this  latter  insig'nificant.  If,  from  the  severity 
of  the  symptoms,  or  in  the  hope  of  stopping  the  progress 
of  the  affection  it  is  deemed  advisable  to  attack  the  local 
lesion,  we  should  remember  that  any  operative  measures  will 
be  greatly  aided  by  the  administration  of  those  drugs  tvhich 
seem  to  exert  a  specific  influence  upon  the  tubercular  pro- 
cess. 

The  nutrition  of  the  patient  should  be  particularly  at- 
tended to.  Cod-liver  oil,  the  hypophosphites.  and  the  vari- 
ous preparations  of  mall  are  all  of  value  in  the  various  cases, 
and  much  is  to  be  said  in  favor  of  the  administration  of  creo- 
sote in  doses  of  one  half  to  three  grains  three  or  four  limes 
daily.  While  f  do  not  wish  it  to  be  understuud  that  the  tym- 
panic  lesion  demands  treatment  in  a  large  majority  of  cases, 
or  that  radical  treatment  directed  to  this  part  is  advisable,  it 
is  well  to  bear  in  mind  the  possibility  of  systemic  infection 
from  this  focus,  and  also  the  fact  that  the  local  process  is  sure 
to  extend  rapidly,  and  is  henCe  more  easily  checked  in  its 
early  stage  than  after  it  has  existed  for  a  considerable  period. 


LEUC<1iMIA. 


In  Icucromia  a  form  of  deafness  is  found  depending  upon 
the  passage  nl  minute  cells  or  lymph  corpuscles  into  the  laby. 
rinthinc  channels  (I'ig.  158),  narrowing  their  calibre  and  in 
time  even  leading  to  a  complete  obliteration  of  their  lumen. 
In  the  early  stages  this  deposit  is  cellular  in  structure;  bul  if 
the  [)atient  survives  the  disease  for  a  long  time,  organi/alion 
of  this  tissue  may  take  place,  and  the  obliteration  of  the  laby- 
rinthine passages  is  effected  by  an  osseous  deposit,  the  symp- 
toms depending  upon  the  extent  of  the  local  process  and  upon 
its  severity.  It  is  recognized  by  the  presence  of  the  gen- 
eral leuesmic  condition,  and  with  the  sudden  appearance  of 
deafness  which  gradually  grows  worse,  together  with  vertigo, 
nausea,  and  subjective  noises.  The  functional  examination 
reveals  a  lesion  of  sound-perceiving  apparatus  rather  than  one 
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referable  to  those  parts  concerned  in  sound  transmission. 
Practically  nothing  can  be  done  to  stay  the  progress  of  the 
aflection,  our  cflorts  at  treatment  being  as  iutilc  as  those  em- 
ployed to  combat  the  constitutional  aflection. 


^u. 


Fta.  171  — 5<(cti(in  through  the  middle  tiim  of  rhc  cochlea  in  ■  ctx  o(  lemcMnit, 
showing  intillrniiciu  (Gniil«nI)>Lv.")  0,  Uonc ;  S.  P.,  Seals  vtsiibgli ;  ,<k  Tn 
Sciln  tympnni ;  L,  S.,  Li|;3iuciiluin  ^))ira]is  ;  A.  t'..  Slrik  v«K«laib ;  A' /*■. 
NeTv«  ei|)nn<.ic>n  in  (he  Ininina  Bpit>1i<  ;  f,y,  ff,  McDibrena  leclona ;  t,  laiMr 
hftir-c«lU ;  m.  ft.  Cani's  rodi ;  o.  t.  d.  Limhiu  lamina  ^)>icallt;  /,  Kpilbelium  <t 
sulcus  spiralis  iiiiemuit :  y>,  Kpiihelium  of  lulcu^  ipitalb  ealenia< ;  C  £^  Onia 
CcUk  at  Colli  and  Ueiler ;  e.  e,  i,  Claudiiu'i  ceUa. 


*  Ardu  flir  Ohrenhcini.,  Td  aaiii,  pL  9^%, 
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Diabetes. 

In  severe  cases  of  diabetes  the  most  characteristic  affcc. 
tion  referable  to  the  ear  is  the  occurrence  of  acute  circum. 
scribed  external  otitis.  When  wc  remember  how  prone  the 
diabetic  patient  is  to  furunculosis.  we  can  explain  the  occur- 
rence of  the  aural  lesion  upon  the  same  ground.  Eczema  of 
the  auricle  and  canal  is  also  of  common  occurrence.  Within 
the  tj-mpanum  there  is  scarcely  any  condition  characteristic 
of  diabetes,  although  it  is  probable  that  all  structures,  includ- 
ing those  of  the  middle  ear,  are  more  liable  to  attacks  of  in- 
flammation  than  under  normal  conditions.  Symptoms  refer- 
able  to  the  sound-perceiving  apparatus  probablj'  depend  upon 
cither  labyrinthine  haemorrhaj^e  or  extravasation  into  the  me. 
dullary  or  cortical  centres.  The  repair  of  any  lesion  sponla. 
ncously  is  slow  in  these  cases.  When  the  condition  is  an 
acute  inflammatory  one,  suppuration  is  the  rule.  This  is 
worthy  of  note  where  the  mastoid  process  becomes  involved 
consecutive  to  an  inRammation  within  the  canal  or  middle 
car.  Often,  in  spite  of  the  greatest  precaution,  prolonged 
suppuration  occurs;  and  while  we  should  not  be  deterred 
from  operating  upon  diabetic  patients  for  this  reason,  eflorts 
to  secure  perfect  asepsis  must  be  vigorously  enforced. 

Gout  and  Rheumatism. 

Gout  and  rheumatism  probably  exert  a  greater  influence 
upon  the  organ  of  hearing  than  is  usually  supposed.  It  is 
not  necessary  that  the  patient  shall  have  ever  been  the  victim 
ol  an  acute  gouty  or  rheumatic  attack,  the  hereditary  dialhet* 
ic  condition  being  sufficient  to  induce  pathological  changes 
within  the  car.  While  the  cases  dependent  upon  gout  or 
rheumatism  as  the  sole  cause  are  probably  rare,  any  acute  or 
chronic  inflammatory  process  arising  from  some  other  cause 
is  muditied  to  a  marked  degree  through  these  diatheses. 
Thus  in  numerous  cases  ol  nonsuppurative  otitis  media  our 
measures  for  relief  may  be  without  result  until  internal  medi. 
cation  is  directed  toward  the  correction  of  the  gouty  or  rheu- 
matic taint.  In  the  canal  itself  a  persistent  eczema  rather 
mild  in  character  is  frequently  met  with  in  patients  suflcring 
from  a  gouty  diathesis.  Although  in  itself  this  Inflammation 
would  scarcely  attract  the  attention  of  the  patient,  it  leads  to 
a  condition  of  the  cutaneous  lining  of  the  canal  which  favors 


Medicinal  Sueistances. 

The  ingestion  of  certain  medicinal  substances  exerts  a 
specific  influence  upon  the  organ  of  hearing.  Of  these,  the 
most  prominent  is  quinine.  Salicin.  salicylic  acid  and  its 
salts  exert  a  similar  influence  in  a  less  degree.  In  general 
these  changes  constitute  in  mild  cases  a  congestion  both  of 
Ihc  middle  car  and  o(  the  labyrinthine  structures.  When  any 
drugs  of  this  character  arc  administered  in  excessive  doses 
this  hypertemia  may  lead  to  rupture  of  the  vessels,  causing 
minute  hjemorrhages.  When  administered  fora  long  period, 
even  in  moderate   doses,  the  chronic  congestion  produces 
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the  development  of  vegetable  parasites.  When  these  have 
once  gained  lodgment  in  the  meatus,  the  local  inflammation 
which  they  excite  by  their  presence  is  sufiicient  to  produce 
marked  symptoms  from  which  the  patient  seeks  relief.  fl 

Treatment  of  the  local  condition  will  probably  be  without 
avail  unless  the  gouty  diathesis  is  at  the  same  time  borne  ^ 
in  mind  and  combated.     In  the  tym[>anum  itself  we  find  in   H 
rare  instances  an  inflammation  of  the  interossicular  articula- 
tions which  is  [>robably  rheumatic  in  nature.    The  local  ap. 
pearances  arc  conRncd  to  the  immediate  region  of  the  articu- 
lation.    The  pain  is  severe,   the   constitutional   disturbance 
marked  and  out  of  proportion  to  the  local  lesion,  and  efforts 
to  ntTord  relief  arc  unsuccessful  until  antirheumatic  drugs  arc 
administered.    The  symptoms  abate  under  this  plan  of  medi- 
cation, and  the  disease  follows  the  course  of  an  acute  articu- 
lar rheumatism  of  any  o£  the  larger  joints.     It  was  formerly 
supposed  that  the  gouty  diathesis  exerted  a  peculiar  influence 
upon  the  development  of  exostoses  within  the  bony  meatus, 
but  this  theory  has  not  been  borne  out  by  subsequent  investi- 
gatiim.    Of  much  more  importance  is  the  influence  which    ■ 
this  diathetic  condition  exerts  upon  the  walls  of  the  blood 
vessels,     Arterial  degeneration  takes   place,  the   vessels   be- 
coming rigid  through  the  deposit  of  lime  salts  in  their  walls.    ■ 
thus  narrowing  the  calibre  and  so  weakening  the  walls  that 
they  arc  easily  ruptured    by  any   sudden   increase  in  blood 
pressure.    These  effects  are  most  marked  within  the  labyrinth. 
and  give  rise  to  subjective  noises,  giddiness,  and  slight  im- 
pairment in  hearing.    In  advanced  cases  the  occurrence  ol 
capillary  haemorrhages  also  serves  to  explain  many  of 
symptoms  met  with. 
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structural  changes  particularly  within  the  labyrinth,  which 
do  not  disappear  even  after  the  administration  of  the  drug  is 
stopped.  When  the  ear  is  in  a  normal  condition  it  is  probable 
that  serious  injury  following  the  exhibition  of  these  drugs  is 
comparatively  rare ;  but  where  the  car  is  the  scat  of  a  chronic 
inflammatory  process,  or  is  particularly  susceptible  to  cir- 
culatory changes,  their  use  is  to  be  guarded  against.  It  is 
manifestly  impossible  to  prevent  the  use  ol  these  remedies  in 
all  cases  of  chronic  aural  disease,  but  they  should  never  be 
given  except  in  an  extremity,  and  then  should  be  exhibited 
in  small  doses,  and  discontinued  as  soon  as  possible.  The 
habit  of  prescribing  large  doses  of  quinine  for  a  cold  in  the 
head  can  not  be  too  strongly  prohibited. 

The  moderate  use  of  tobacco  influences  the  organ  of  hear- 
ing but  slightly,  whether  the  parts  are  in  a  state  of  health  or 
disease.  It  was  formerly  supposed  that  its  use  aggravated 
any  pre-existing  catarrhal  inflammation  of  the  upper  air  tract, 
and  in  this  way  aggravated  chronic  aficctions  of  the  tym- 
panum. The  danger  in  the  use  of  tobacco  docs  not  He  in 
this  direction,  but  rather  in  the  effect  which  the  drug  exerts 
upon  the  general  nervous  system.  If  the  habitual  use  of  to- 
bacco produces  constitutional  disturbances  referable  to  the 
general  nervous  system,  there  is  no  question  about  the  advis- 
ability of  stopping  it  at  once.  That  it  should  exert  any  spe- 
cific action  upon  the  organ  of  hearing,  while  the  general 
nervous  organism  escapes,  is  exceedingly  improbable.  Wc 
may  practically  disregard  any  action  upon  the  conducting 
mechanism;  and  if  the  receptive  portion  ol  the  auditory  sys- 
tem suffers  from  its  habitual  use,  wc  shall  have  confirmatory 
evidence  from  its  effect  upon  other  portions  ol  the  nervous 
system.  The  particular  region  of  the  perceptive  tract  af- 
fected is  probably  cither  the  nerve  trunks  or  centres  them- 
selves. 


CHAPTER  XLVI. 

DISTURBANCES  OF  AimiTION  DEPENDENT  UPON   FUNCTIONAl 
NERVOUS  DISORDERS. 

The  most  common  functional  disturbances  of  the  nervous 
system  which  produce  any  marked  cRcct  upon  the  organ  ol 
hearing  are  those  known  under  the  terms  "neurasthenia" 
and  *'  hysteria." 

Since  the  exact  nature  of  these  conditions  is  at  present 
problematical,  the  manner  in  which  they  influence  the  vari- 
ous portions  of  the  sound-pcrccivinp  mechanism  is  a  mat- 
ter of  conjecture.  In  certain  instances  neurasthenic  or  hys- 
terical patients  will  present  marked  disturbances  referable  to 
the  organ  of  hearing.  These  disturbances  prolwbly  depend 
upon  some  slight  pre-existing  pathological  condition  which 
ordinarily  would  pass  unnoticed.  The  lesion  may  lie  either 
in  the  meatus  or  in  the  tympanic  cavity,  and  be  entirely  un- 
recognizable upon  careful  examination;  biit  as  it  constitutes 
the  point  of  least  resistance  in  the  nervous  system,  the  mani- 
festation of  a  neurasthenic  or  hysterical  condition  is  exhibited 
here  rather  than  in  another  localitv-  The  reason  for  believing 
this,  is  that  where  a  moderate  aficction  of  the  sound-conduct- 
ing mechanism  exists,  the  disturbance  of  function  is  out  of  all 
proportion  to  the  pathological  condition  present;  and  in  addi- 
tion to  these  symptoms,  which  are  characteristic  of  involve- 
ment of  the  transmitting  apparatus,  certain  other  manifesta- 
tions present  which  can  only  be  explained  by  the  abnormal 
general  condition. 

Neurasthenia. 

In  neurasthenia  the  entire  nervous  system  seems  to  be 
overtaxed  by  even  a  moderate  effort ;  and  where  the  function 
of  any  one  organ  is  impaired,  as  in  the  cases  under  considera- 
tion— the  organ  of  hearing — this  impairment  is  magnified  to  a 
great  degree.  In  general  these  cases  arc  characterized  by 
the  symptom  which  may  be  termed  "auditory  strain."     la 
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conversation  with  one  individual  the  patient  hears  fairly  vrell, 
and  the  hearing  is  usually  better  early  in  the  morning.  After 
being  subjected  to  the  fatigue  consequent  upon  the  day's  ac- 
tivity, the  hearing  power  becomes  much  diminished,  and  any 
effort  on  the  part  of  the  patient  lo  disguise  the  symptom 
simply  magnifies  it.  The  local  impairment,  in  turn,  reacts 
upon  the  general  condition  of  the  patient  to  a  considerable 
degree,  frequently  causing  him  to  become  hypochondriac, 
and  in  some  cases  leading  to  acute  melancholia.  The  hearing 
is  more  impaired  in  a  noisy  than  in  a  quiet  room ;  tinnitus  is 
present,  and  varies  greatly  in  degree,  being  more  marked 
when  the  patient  is  tired.  In  addition  to  these  subjective  symp- 
toms, certain  others  manifest  themselves,  such  as  a  feeling  of 
formication  in  the  canal;  a  feeling  of  occlusion  in  the  meatus,  as 
though  a  foreign  body  were  present ;  or  a  sensation  of  irritation 
referred  either  to  the  Eustachian  orifice  or  to  the  base  of  the 
tongue.  Often  during  the  process  of  examination  the  hear- 
ing  fluctuates  greatly.  If  patients  can  be  convinced  that  no 
test  is  being  made,  they  Jrct|ucntly  respond  to  questions 
asked  in  a  moderate  tone  of  voice;  as  soon,  however,  as  they 
become  aware  that  the  power  of  audition  is  being  estimated 
their  anxiety  to  hear  causes  a  marked  diminution  in  the 
power. 

Diagnosis. — As  said  before,  certain  deviations  from  the 
normal  standard  may  be  found  upon  speculum  examination, 
or  these  departures  from  the  normal  may  be  so  slight  as  to 
be  entirely  overlooked.  Functional  examination  is  a  matter 
of  considerable  ilifFiculty,  especially  if  any  recognized  lesion 
of  the  conducting  apparatus  is  present,  the  answers  of  the  pa- 
tient being  very  misleading  unless  the  general  condition  is 
borne  in  mind.  As  a  rule,  low  tones  arc  well  heard,  the  low- 
est limit  of  the  scale  being  frequently  preserved,  even  whtfre 
inspection  shows  a  marked  alteration  in  the  conducting 
mechanism.  The  upper  tone  limit  may  be  moderately  low- 
ered, but  is  occasionally  elevated,  and  the  high  notes  may  be 
painful.  Bone  conduction  is  diminished,  while  sharp  sounds, 
such  as  the  tick  of  a  watch  or  the  click  of  the  acouineter,  give 
varying  results,  being  heard  at  one  time  exceedingly  well,  at 
another  time  poorly  or  not  at  all.  The  voice  is  usually  heard 
better  relatively  than  either  the  watch  or  acoumeter. 

The  most  valuable  aid  in  diagnosis  is  a  comparison  of 
the  results  obtained  by  functional  examination  with  the  gen* 
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eral  history  of  the  case.  When  wc  consider  the  undue  ifo- 
portance  which  these  patients  attach  to  the  slight  subjective 
symptoms  of  which  they  complain — referable  to  the  meatus, 
the  vault  of  the  pharynx,  or  r^ion  oi  the  Eustachian  tube 
— wc  can  readily  understand  why  the  results  of  functional 
examination  should  be  so  at  variance  with  what  might  be 
expected. 

The  hypcracusis  which  is  quite  commonly  observed  in 
these  cases  explains  the  preservation  of  the  lower  tone  limit 
even  when  this  should  be  considerably  elevated.  We  are 
apt  to  be  misled  also  by  this  symptom,  for  quantitative 
tests  may  yield  entirely  negative  results,  the  patient  hear- 
ing the  watch,  acoumeter,  or  whispered  speech  at  the  normal 
distance.  Continuing;  the  examination  for  some  time,  wc 
shall  usually  find  that  the  organ  soon  becomes  tired  and  the 
hearing  power  rapidly  diminishes.  This  fatigue  manifests 
itself  not  only  for  any  one  sound,  but  when  this  condition  b 
reached  all  sounds  are  poorly  perceived.  This,  we  must  re- 
member, is  a  marked  deviation  from  the  normal  standard. 
In  health,  although  the  sonorous  vibrations  of  any  given 
pitch  will,  after  a  time,  so  fatigue  the  perceptive  centres  as 
to  reduce  the  power  ol  audition  for  that  particular  sound, 
yet  this  impairment  of  (unction  docs  not  invariably  occur 
with  the  perception  of  sounds  of  different  pitch,  but  rather 
renders  the  hearing  of  them  more  acute.  In  order  to  test 
the  ease  with  which  the  ear  is  fatigued  it  is  only  necessary 
to  make  use  of  a  tuning  fork  of  512  V.  S.,  or  the  octave 
above  this,  and  maintain  the  fork  in  vibration  close  to  the  ear 
for  a  period  of  dvc  to  ten  minutes,  setting  it  in  vibration 
anew  as  soon  as  its  note  becomes  weak.  If  the  fork  is  struck 
with  approximately  equal  force  each  lime,  it  will  be  found 
thjft  the  period  during  which  its  vibrations  are  perceived  will 
become  shorter  and  shorter.  In  some  cases  wc  find  that  the 
ear  very  quickly  ceases  to  perceive  the  note  of  the  fork,  if 
now  the  instrument  is  removed  from  the  car  for  a  few  sec- 
onds, and  then  again  brought  immediately  in  front  of  the 
meatus,  the  note  will  again  be  heard,  although  the  instru- 
ment has  not  been  set  in  vibration  afresh,  and  hence  the 
sound  is  less  intense  than  when  it  was  removed  from  in  front 
o(  the  ear.  This  is  called  a  secondary  perception  of  the  note. 
In  marked  instances  we  find  even  tertiary  or  quaternary 
perceptions.    This  phenomenon  corroborates   the  statement 
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of  the  patient  that  the  power  of  audition  is  poorest  in  Hstco- 
"'£  t"  general  conversation, 

Pro^osis. — Aside  (rem  any  organic  changes  which  may 
be  present  either  in  the  middle  ear  or  labyrinth,  the  prog- 
nosis will  depend  upon  our  ability  to  control  the  general ' 
nervous  condition.  This  is  difficult,  and  the  outcome  of  such 
a  case  must  always  be  uncertain.  If  the  ]>aticnt  can  be  per- 
jsuadcd  tu  think  less  about  his  hearing,  there  is  fair  hope  that 
the  power  of  audition  will  improve. 

Treatment. — No  drugs  exert  a  specific  action  upon  the 
central  portion  of  the  auditory  apparatus  in  this  condition, 
and  the  treatment  of  defective  hearing  will  resolve  itself  into 
the  treatment  of  neurasthenia.  Strychnine  in  large  doses,  jisa 
nerve  tonic,  is  of  use  in  a  considerable  proportion  of  cases. 
Where  the  strychnine  increases  the  excitability  of  the  pa- 
tient, this  may  be  controlled  by  the  administration  of  bro- 
mide  of  sodium  in  proper  doses  at  the  same  time.  Wc  thus 
overcome  the  retlcx  excitability  produced  by  the  first  drug, 
while  wc  in  no  way  diminish  its  action  as  a  nerve  tonic  and 
as  a  stimulant  to  the  nervous  centres,  A  complete  change 
of  scene  is  advisable,  and  where  the  disease  has  resulted 
from  prolonged  mental  exertion  it  is  well  to  interdict  work 
of  this  kind.  This  is  by  no  means  an  absolute  rule,  as  a  con> 
sidcrablc  proportion  of  patients  do  not  improve  unless  their 
minds  arc  occupied  in  some  manner.  A  complete  change  oi 
occupation  is  desirable  in  these  cases,  since  they  may  become 
so  interested  in  their  work  as  to  forget  themselves,  and  thus 
second  our  cflorts  in  restoring  their  normal  condition. 

IIVSTERtA, 

This  affection  is  closely  allied  to  the  one  just  described, 
and  frequently  accomj)anies  it.  Why,  in  a  given  case  of  hys- 
teria, symptoms  referable  to  the  car  are  paramount,  can  be 
explained  only  on  the  ground  already  given  in  considering 
the  effects  of  neurasthenia — that  in  these  cases  the  car  is  the 
point  of  least  resistance. 

Symptomatology. — Impairment  in  hearing  varies  greatly 
in  degree,  but  is  usually  profound,  and  the  patient  may  be 
completely  deaf.  The  deafness  comes  on  suddenly,  as  a  rule, 
quite  frequently  as  the  result  of  some  severe  mental  shock, 
and  possesses  the  peculiar  characteristic  of  preserving  the 
original  decree  of  impairment  throughout  the  entire  hbtory 
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of  the  case.  The  condition  neither  improves  gradually  nor 
does  it  grow  worse.  Cotnplele  restoration  of  function  may 
take  place  from  no  assignable  cause,  and  may  occur  quite  as 
suddenly  as  the  power  of  hearing  disappeared. 

Another  curious  symptom  is  the  so^allcd  transference  of 
the  lesion  from  one  side  to  the  other.  For  a  certain  length 
of  time  the  organ  of  one  side  alone  will  seem  to  be  perfectly 
deaf.  Suddenly  the  hearing  will  be  restored  upon  this  side, 
but  at  the  same  lime  the  organ  of  the  opjwsite  side  becomes 
affected.  This  change  may  be  repeated  any  number  of  times. 
Pain  is  quite  commonly  complained  of  in  the  region  of  the 
car,  it  being  located  cither  deep  in  the  meatus  or  in  the  mas- 
toid process.  Occasionally  this  pain  is  referred  to  the  phar- 
yngeal vault,  although  this  is  not  common.  Giddiness  and 
siibjcclivc  noises  arc  usually  absent,  the  case  thus  presenting 
a  marked  contrast  from  one  dependent  upon  neurasthenia. 
Where  other  symptoms  of  a  hysterical  nature  are  present, 
such  as  hcmianaisthcsia  or  hemiplegia,  the  defective  car  is 
usually  on  the  side  of  the  body  presenting  the  sensory  or 
motor  impairment,  although  this  is  not  invariable. 

Diagnosis.— The  above  phenomena  may  be  observed  where 
to  all  appearances  the  organ  is  perfectly  healthy,  or  we  may 
find,  upon  examination,  evidences  of  a  preceding  suppurative 
or  nonsuppurative  process.  The  eye  alone  aids  us  very  little 
in  making  a  correct  diagnosis.  Much  information,  however, 
may  be  obtained  by  testing  the  sensitiveness  of  the  meatus 
and  drum  membrane  by  means  of  the  probe,  the  parts  being 
quite  frequently  anaesthetic.  Functional  examination,  also, 
may  reveal  nothing  characteristic,  although  in  quite  a  num- 
ber of  cases  we  find  that  both  the  upper  and  lower  limits  ot 
the  scale  are  poorly  perceived,  the  lower  tone  limit  being 
elevated,  while  interference  with  the  upper  tone  limit  seems 
to  be  more  common  than  with  the  lower,  the  high  notes  be- 
ing but  poorly  heard,  as  a  rule.  This  reduction  of  the  upper 
tone  limit  is  distinct,  usually  extending  as  low  as  4  or  6  of  the 
Galton  scale. 

A  symptom  frequently  met  with  in  an  examination  is  the 
alternating  perception  of  the  high  notes  first  on  one  side  and 
then  on  the  other.  Upon  one  side  the  upper  tone  limit 
will  be  found  greatly  reduced,  while  the  organ  of  the  oppo- 
site side  will  perceive  the  highest  tones  of  the  scale  with 
ease.    On  repeating  the  experiment,  the  condition  will  be 
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exactly  reversed,  and  this  alternation  may  be  repeated  several 
times  (luring  tlie  examination. 

The  occurrence  of  other  hysterical  manifestations  alTords 
confirmatory  evidence.  This  is  particularly  true  if  the  field 
of  vision  is  investigated,  since  in  most  cases  this  is  uniformly 
contracted. 

Prognosis. — It  is  absolutely  impossible  in  a  given  case  to 
render  an  intelligent  opinion  as  to  the  recovery  of  the  hearing. 
It  is  a  well-known  fact  that  in  hysteria  many  of  the  symptoms 
may  comptetely  disappear,  while  the  others  remain  unabated  : 
and  wc  also  note  that  interference  with  any  special  sense  is  a 
symptom  which  does  not  disappear  readily. 

Treatment.— Those  drugs  administered  for  the  control  of 
hysteria  are  indicated  in  these  cases.  Valerian,  either  in  the 
form  of  the  simple  tincture  or  the  ammoniated  tincture,  is 
often  of  value.  The  same  is  true  of  asafcetida,  the  bromides, 
various  preparations  of  zinc,  phosphorus,  hyoscyamus,  galba- 
num,  etc. 

Hypnotic  treatment  is  probably  of  more  value  in  these 
cases  than  any  other,  and  is  always  worthy  of  a  trial.  It 
should  never  be  forgotten  that  hysteria  is  a  disease,  and  that 
the  patient  is  not  malingering;  hence  severe  measures  are 
worse  than  useless.  Curious  instances  have  been  reported 
of  the  complete  disappearance  ol  the  deafness  upon  bringing 
a  magnet  close  to  the  car.  By  this  same  means  it  has  also 
been  possible  to  transfer  the  condition  to  the  opposite  side. 


CHAPTER  XLVII. 


REKLKX   AUKAL  DISTURBANCES. 


PATHOLOGICAL  Condition  in  any  portion  of  the  body 
may  produce  within  the  organ  tjf  hearing,  not  only  alterations 
of  function,  but  also  certain  visible  changes.  While  we  are 
familiar  with  the  precise  mechanism  by  which  motor  reflexes 
arc  brought  about,  those  of  a  sensory  or  trophic  character  are 
as  yet  obscure.  The  most  plausible  view  is.  that  under  the 
reflex  stimulus  certain  changes  take  place  in  the  vascular  sup- 
ply of  the  part  affected,  through  the  action  of  the  vasomotor 
nerves,  and  that  capillary  dilatation  is  responsible  for  the  phe- 
nomena produced.  In  the  conducting  portion  of  the  organ  ol 
hearing  the  deviations  from  the  normal  standard  are  of  such 
a  nature  as  to  be  visible  to  the  eye,  while  in  the  nervous  ap- 
paratus stibjcctive  symptoms  arc  the  only  indication  of  any 
change  from  the  standard  of  health.  Changes  which  take 
place  in  the  auricle  from  reflex  action  may  cause  an  abnormal 
redness  or  congestion  of  the  part ;  or,  if  the  capillaries  are 
constricted,  the  blood  supply  will  be  diminished,  the  car  ap- 
pearing pale  and  bloixlless.  When  the  trophic  nerves  are  in- 
terfered with,  a  cutaneous  eruption  may  occur,  the  most  com- 
mon of  which  is  herpes,  the  auricle  being  covered  by  small 
vcsick's  at  first  discrete,  but  by  coalescence  forming  bullx. 
The  symptoms  have  already  been  described  by  herpes  of  the 
auricle. 

Within  the  canal  a  circumscribed  external  otitis  may  de- 
pend upon  a  reflex  cause,  the  pathological  lesion  producing  it 
being  most  frequently  a  corresponding  condition  upon  the 
opposite  side.  Hypersensitive  areas  may  also  develop  in  the 
meatus,  usually  in  the  bony  portion  and  upon  its  floor,  the 
region  being  excessively  tender  to  the  touch  of  the  probe, 
white  ocular  inspection  either  reveals  no  deviation  from  the 
normal  condition,  or  only  a  minute  erosion  at  the  tender  poinL 
In  some  instances   periodical  attacks  of    bleeding  from   the 
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meatus  occur,  depending  upon  changes  in  some  remote  organ 
of  the  body. 

Within  the  tympanum  a  reflex  stimulus  may  causc  a  trnn- 
sudation  either  of  blood  or  serum;  in  either  case  the  quaii> 
tity  of  fluid  may  be  so  prcat  as  to  cause  mpture  of  the  mem. 
brana  tympani.  Instances  of  otitis  media  of  a  reflex  character 
have  also  been  observed.  Pain  in  or  about  the  car  in  a  vast 
majority  of  cases  depends  upon  some  local  inflammatory  pro- 
cess. It  is  occasionally  met  with  where  no  iiiflamniatory  pro- 
cess presents  upon  the  most  careful  examination.  In  children 
particularly,  a  reflex  otalgia  often  occurs^  depending  either 
upon  the  eruption  of  the  molars  or  upon  early  dental  caries. 
This  latter  condition  is  occasionally  the  cause  of  an  inflamma- 
tory affection  of  the  middle  car,  either  acute  or  chronic.  A 
symptom  of  rare  occurrence  is  a  periodical  oedema  over  the 
mastoid  process,  accompanied  by  exquisite  pain  and  tender- 
ness. I  have  observed  one  instance  of  this  in  which  acute 
middle-car  inflammation  was  complicated  by  this  angioneurotic 
oedema  ;  considerable  difficulty  was  experienced  in  arriving-  at 
a  correct  diagnosis,  and  the  question  of  the  advisability  of  open- 
ing the  mastoid  was  seriously  debated.  All  reflex  disturb- 
ances, particularly  those  of  a  painful  character,  are  most  fre- 
quently met  with  in  females  of  a  neurotic  or  hysterical  type. 

When  we  come  to  consider  the  perceptive  tract,  cases  of 
anaesthesia  or  paresthesia  are  by  no  means  uncommon.  A 
moderate  impairment  of  hearing  may  be  the  result  of  visceral 
disturbances,  particularly  of  the  pelvic  viscera,  while  tinnitus 
resulting  from  constipation,  subacute  gastritis,  a  pathological 
condition  within  the  pelvis,  etc.,  is  of  common  occurrence. 
An  interference  with  the  statical  function  of  the  ear  is  proba- 
bly the  most  familiar  example  of  reflex  excitation  ol  the 
auditory  perceptive  apparatus.  The  giddiness  so  common  jn 
disorders  of  digestion  is  without  doubt  dependent  upon 
stimuli  conveyed  to  the  auditory  nucleus  in  the  medulla 
through  the  vagus  nerve,  the  vagus  centre  lying  close  to  the 
nucleus  of  the  vestibular  nerve.  It  is  probable  that  here  the 
condition  is  one  of  increased  vascularity  from  capillary  dilata- 
tion.  Re.isoning  in  this  manner,  we  are  able  to  explain  irreg- 
ular attacks  of  impairment  in  the  hearing  of  short  duration, 
accompanied  by  intense  subjective  noises,  by  supposing  that 
a  similar  disturbance  has  taken  place  either  in  the  medullary 
centre  of  the  cochlear  nerve  or  in  the  cortical  auditory  cen- 
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trc  itself.  The  symptom  which  leads  us  to  suspect  that  any 
functional  disturbance  of  the  car  is  dependent  upon  a  reflex 
cause  is  the  irregular  appearance  of  the  symptoms,  and  their 
sudtlen  and  complete  subsidence,  often  from  no  apparent 
cause.  Structural  changes  necessitate  a  certain  permanency 
of  the  manifestation:  and  where  this  does  not  occur  we  can 
only  explain  the  condition  by  supposing  that  the  centres  have 
been  irritated  by  a  temporary  increase  in  the  blood  supply. 

If  now  a  thorough  examination  of  the  patient  reveals  a  re- 
mote lesion,  particularly  if  it  is  located  in  a  region  where  or- 
ganic changes  arc  prone  to  excite  reflex  symptoms,  wc  should 
bear  in  mind  that  such  reflex  symptoms  may  be  quite  as  well 
referred  to  the  organ  of  bearing  as  to  any  other  portion  of  the 
body.  We  can  not  too  strongly  emphasize  the  necessity  of  a 
thorough  physical  examination  in  every  obscure  case  ;  in  other 
words,  the  otologist  should  locate  subjective  phenomena  in 
the  ear  rather  by  exclusion  than  otherwise. 

We  have  already  spoken  ol  those  regions  of  the  body  where 
any  specific  change  is  particularly  liable  to  exert  a  reflex  in- 
fluence upon  either  the  centres  of  audition  or  the  terminal 
apparatus  of  the  auditory  nerve.  To  this  list  we  must  add  the 
opposite  ear,  since  lesions  of  an  inflammatory  character,  or  in* 
juries  to  the  organ  of  one  side,  may  produce  not  only  tempo- 
rary but  often  permanent  changes  in  the  opposite  organ. 
The  augmentation  of  the  perceptive  power  observed  when 
the  opposite  organ  of  hearing  is  subjected  to  sonorous  vi* 
brations  has  alrcarly  l>ccn  alluded  to.  Another  familiar  ex- 
ample is  the  effect  of  condensing  the  air  in  the  auditory 
meatus,  while  at  the  same  time  a  sounding  body  is  held  close 
to  the  opposite  ear.  If  this  experiment  is  tried,  wc  find  that 
the  sudden  condensation  of  air  diminishes  the  perceptive 
power  of  the  opposite  organ.  Here  it  is  supposed  that  the 
path  of  the  reflex  current  lies  through  the  upjwrr  portion  ol 
the  cervical  cord,  and  the  test  is  used  to  demonstrate  the 
integrity  of  this  portion  of  the  central  nervous  system.  The 
experiment  is  of  much  greater  value  from  a  clinical  point  of 
view  in  explaining  the  occurrence  of  subjective  noises  re- 
ferred to  one  side,  in  which  an  examination  of  the  car  reveals 
nothing  abnormal.  Examination  of  the  opposite  side  fre- 
quently reveals  either  a  narrowing  of  the  Eustachian  canal, 
the  presence  of  impacted  cerumen,  or  a  marked  patholc^tcal 
process  within  the  tympanum,  and  the  subjective  symptoms 
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do  not  disappear  until  the  pathological  condition  in  the  op- 
posite ear  is  removed. 

Diagnosis. — The  recognition  of  the  reflex  nature  of  these 
symptoms  then  depends  upon  their  occurrence  in  an  ;ippar- 
ently  healthy  organ,  and  next  upon  the  discovery  of  some 
remote  pathological  condition  which  may  act  as  an  exciting 
cause.  A  valuable  con5rmatory  sign  is  that  afforded  by  an 
examination  with  the  galvanic  current,  a  condition  of  marked 
bypcrfcsthcsia  usually  being  found.  If  we  can  exclude  with 
certainty  an  active  process  within  the  middle  car  or  within 
the  cranium  itself,  the  auditory  hyperacsthcsia  must  be  reflex ; 
and  if  the  cause  does  not  lie  in  the  opposite  car  a  remote  lesion 
alone  can  explain  [t. 

Prognosis.— Our  ability  to  correct  these  reflex  disturb- 
ances  depends  not  only  upon  the  amenability  of  the  primary 
exciting  cause  to  treatment,  but  also  upon  the  duration  of  the 
affection  before  the  patient  comes  under  obscr\'ation.  The 
persistent  excitation  of  the  perceptive  centres  directly,  or  in. 
directly  through  the  end  organ  of  the  nerve,  may  effect  changes 
which  will  remain  after  the  exciting  cause  has  been  removed. 
Where  the  case  is  observed  early  and  depends  upon  a  re. 
movable  cause,  the  results  of  treatment  are,  as  a  rule,  favorable. 

Treatment.— Our  first  object  when  a  case  of  this  character 
presents  lor  treatment  is  to  relieve  the  aural  symptoms  from 
which  the  patient  is  suffering,  without  reference  to  the  causa- 
tion. Unless  this  cause  is  manifest,  much  valuable  lime  is 
wasted  in  searching  for  the  astiological  feature.  The  percep- 
tive tract  is  in  a  state  of  constant  hypcraisthcsia,  which  from 
its  long  duration  may  be  difficult  to  overcome  after  the  excit- 
ing cause  has  disappeared.  Undoubtedly  the  drug  which  ex- 
erts the  most  influence  in  these  ca^cs  is  bromide  of  sodium, or 
its  equivalent,  hydrobromic  acid.  By  the  administration  of 
these  remedies  the  receptive  centres  arc  rendered  less  sensi- 
tive to  the  action  of  stimuli.  The  effect  is  similar  to  that  ob- 
tained when  a  broken  limb  or  strained  joint  is  placed  in  a 
fixation  apparatus;  the  nervous  tissues  arc  put  completely  at 
rest,  so  to  speak,  by  rendering  them  insensible  to  the  action 
of  the  stimulus,  Our  next  effort  should  be  to  discover  the 
cause  of  the  affection;  this  can  only  be  done  by  a  thorough 
invesligali(m  of  the  history  of  the  case — not  only  the  history 
of  the  disease,  but  one  calculated  to  elicit  all  facts  of  medical 
or  surgical  interest  throughout  the  entire  course  of  the  pa- 
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ticnt's  life.  An  injury  received  in  childhood  and  entirely  for- 
gotten may  have  set  in  play  forces,  which  in  adult  years  have 
produced  the  symptoms  complained  of.  The  age  ot  the  pa- 
tient is  to  be  borne  in  mind,  particularly  in  the  case  of  females, 
since  the  period  about  tlie  menopause  is  a  time  at  which  these 
symptoms  arc  particularly  prone  to  make  their  appearance. 
The  habit  of  life,  the  occupation,  and  all  facts  which  may 
directly  or  indirectly  exert  an  innuence  upon  the  nervous 
tone  of  the  body,  should  be  carefully  investigated.  Several 
factors  may  present  as  a  possible  cause  of  the  aural  disturb- 
ance, and  time  is  necessary  for  the  thorough  elimination  of 
the  unimportant  ones.  It  should  always  be  borne  in  mind 
that  these  cases  arc  among  the  most  troublesome  that  we 
have  to  treat,  and  may  for  a  long  time  be  irresponsive  to  all 
our  efforts.  It  is  only  by  the  process  of  exclusion  that  the 
exact  etiological  feature  can  be  discovered,  after  which  its 
correction  is  usually  a  matter  of  comparative  simplicity. 

Diathetic  conditions,  particularly  gout  and  rheumatisto, 
may  have  manilrsled  them.*;elves  previously  in  nu  other  man- 
ner, and  the  symptoms  referable  to  the  organ  of  hearing  may 
be  the  first  intimation  of  the  presence  of  such  conditions.  The 
history  of  heredity  in  such  a  case  is  the  only  clew  to  guide  us 
to  the  discovery  of  the  cause  operative  in  Ibc  production  of 
symptoms. 

Where  bromides  fail  to  control  the  refiex  phenomena,  hy- 
oscyamus,  either  in  the  form  of  the  tincture  or  in  the  form  of 
the  alkaloid — hyoscy amine— may  serve  an  efficient  purpose. 
Under  no  circumstances  should  morphine  be  administered, 
since  it  is  easy  for  the  patient  to  acquire  the  opium  habit  if 
this  practice  is  once  begun.  The  various  antispasmodics, 
such  as  asafostida,  valerian,  galbanum.  etc.,  are  of  use  in  cer- 
tain cases,  and  indications  for  their  administration  arc  usually 
sufficiently  clear.  Where  the  symptoms  have  persisted  for  a 
longtime  and  there  arc  evidences  of  vascular  dilatation,  the 
fluid  extract  of  ergot,  in  doses  of  fifteen  to  twenty  minims, 
three  times  daily,  exerts  a  beneficial  action. 

Symptomsof  venous  congestion  dependent  upon  imperfect 
cardiac  action  demand  the  use  of  stimulants.  Of  these,  strycb- 
nine  is  probably  the  best,  provided  no  organic  lesion  is  pres- 
ent. If  the  disturbance  of  circulation  is  only  moderate,  the 
use  of  a  certain  amount  of  an  alcoholic  stimulant  daily  is  a 
valuable  means  of  effecting  the  desired  change.     In  asthenic 
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cases,  particularly  where  the  patient  has  suffered  from  over- 
work, the  addition  of  a  moderate  amount  of  wine  to  the 
dietary  is  followed  frequently  by  happy  results;  the  desired 
stimulating  result  is  thus  obtained  without  resorting  to  the 
administration  of  drugs.  In  cases  where  anaamia  is  coinci- 
dent, naturally  this  condition  must  be  treated  on  general 
medical  principles ;  and  the  same  is  true  of  the  management 
of  those  cases  where  there  is  a  plethoric  intracranial  con- 
dition. 
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Symptomatology.— In  very  young  children  who  have 
never  spoken,  the  first  symptom  noted  is  usually  the  failure 
to  acquire  the  power  of  articulate  speech.  Attention  is  then 
directed  to  the  ears,  and  it  is  discovered  that  the  auditory 
sense  is  also  n-anting.  In  older  children,  the  failure  to  re- 
spond when  spoken  to  and  the  gradual  appearance  of  mutism 
declare  the  nature  of  the  affection.  In  these  older  cases  the 
hearing  may  not  be  entirely  lost  at  first,  and  as  the  patient 
seems  to  hear  loud  sounds,  parents  often  neglect  the  condi- 
tion until  it  is  too  late  to  prevent  deaf-mutism. 

Diagnosis.— Since  the  age  at  which  children  acquire  th«fl 
power  of  articulate  speech  varies  greatly,  and  as  the  same  is 
true  of  the  age  at  which  the  infant  responds  to  stimulation  of 
the  organ  of  hearing,  it  is  often  difficult  to  determine  whether 
or  not  a  child  is  deaf  or  whether  the  development  of   the 
special  sense  is  delayed  simply.     With  a  history  of  any  pre- 
vious intracranial   disease  or  any  evidence  upon  ocular  iiv 
spcction  of  an  abnormity,  congenital  or  acquired,  of  the  organ 
of  hearing  (here  is  naturally  a  strong  suspicion  that  the  con- 
ditions  are  interdependent.   When  the  child  has  learned  a  few  fl 
words  and  fails  to  advance,  the  diagnosis  naturally  presents 
no  difficulties.    It  is  certainly  unsafe  to  give  any  other  than  a  ^ 
guarded  prognosis  in  patients  under  eighteen  months  of  age.  ■ 

Even  very  young  children  should  be  carefully  tested  as  to 
their  ability  to  perceive  sounds  varying  in  intensity  and  pitch.  ^ 
Timing  forks  of  low  and  high  pitch  furnish  a  convenient  means  fl 
of  determining  the  probable  presence  of  even  a  slight  amount 
of  audition.  The  forks  should  be  set  in  vibration  and  held 
first  before  the  ear,  the  attention  of  the  child  being  diverted 
from  the  movements  of  the  examiner.  If  the  fork  is  heard,  the 
little  patient  will  usually  give  evidence  of  (he  fact,  cither  by 
turning  toward  the  source  of  sound,  or  there  will  be  a  change 
in  facial  expression  which  will  be  easily  recognizable.  II  there 
is  any  doubt,  the  experiment  may  be  repeated  and  the  fork  be 
held  near  the  ear  without  being  set  in  vibration.  In  the  same 
manner  bone  conduction  should  be  tested,  the  vibrating  fork, 
and  the  same  instrument  in  a  state  nf  rest  being  brought  alter- 
nately  in  contact  with  the  head.  The  Gallon  whistle  should 
also  be  employed,  and  even  in  young  children  it  is  sometimes  H 
possible  to  obtain  the  limits  of  audition  with  fair  accuracy. 

Clapping  the  hands  behind  the  child's  head,  snapping  the 
fingers,  etc.,  arc  also  tests  which  may  be  of  use ;  but  my  own 
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experience  has  been  that  the  tuning  fork  and  Galton  whistle 
will  furnish  the  desired  information. 

Prognosis. — This  is  necessarily  grave.  PoIItzer*  consid- 
ers that  the  prognosis  is  better  in  the  congenital  than  in  the 
acquired  cases.  Certainly  in  those  of  congenital  origin  an 
unfavorable  opinion  should  not  be  given  in  very  early  life,  as 
the  special  senses  may  develop  later.  In  the  cases  which 
follow  any  affection  in  early  infancy,  the  nature  of  the  disease 
which  produced  the  aural  affection,  the  extent  o(  the  local 
process,  and  ihc  length  of  time  which  has  elapsed  before  the 
patient  comes  under  observation,  all  influence  the  prognosis. 

Treatment. — When  tlic  malady  depends  upon  a  known 
cause  the  indications  for  treatment  will  be  clear.  In  all  cases 
presenting  a  condition  which  could  give  rise  to  the  profound 
impairment  this  should  be  removed.  In  young  children  the 
presence  of  adenoid  vegetations  should  be  determined,  and  if 
the  drum  membranes  arc  intact  any  mass  of  this  kind  should 
be  removed.  In  the  same  manner  the  history  of  an  attack  of 
epidemic  cercbro-spinal  meningitis  or  of  an  affection  which 
could  induce  a  labyrinthine  inflammation  should  be  an  indi- 
cation  for  the  use  of  the  proper  therapeutic  measures.  A 
thorough  examination  should  always  be  made,  but  if  no  indi- 
cations arc  found  (or  any  particular  plan  of  treatment,  the  sur- 
geon should  remember  that  therapeutic  measures  arc  useless 
in  many  cases  and  that  valuable  time  may  be  lost.  If  there  is 
no  indication  for  any  one  plan  of  treatment,  the  child  should 
at  once  be  placed  in  the  hands  of  those  who  make  the  educa- 
tion of  such  patients  a  Itfc  study.  It  is  rare  in  any  case  which 
comes  under  observation  during  childhood  to  find  a  com- 
plete absence  of  the  auditory  function,  aiul  by  proper  train. 
ing  this  may  be  much  improved.  The  best  results  arc  ob- 
tained by  those  methods  which  stimulate  the  portion  of  the 
perceptive  tract  which  remains  by  the  use  of  the  human 
voice,  the  sound  being  conveyed  to  the  car  through  a  proper 
instrument,  and  by  education  render  it  capable  of  supplying 
the  place  of  the  perfect  organ  of  hearing.  It  is  surprising 
how  much  can  be  gained  if  these  children  come  under  ob- 
servation at  an  early  period,  and  when  we  have  decided  that 
nothing  can  be  done  to  relieve  the  condition  it  is  our  duty  to 
urge  their  education  in  this  manner. 


*  DUcaici  of  llic  Eu,  American  edition,  i8<>t.  p.  7061. 
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It  is  necessary  to  consider,  in  conncclion  with  the  ear, 
certain  affections  of  the  upper  air  passages  which  cither  have 
been  operative  in  the  production  of  the  aural  condition,  or 
still  exert  a  marked  influence  upon  it.  The  principal  affec- 
tions  under  this  head  will  be  considered  hriefly,  and  more 
with  reference  to  their  treatment  than  to  the  special  symp- 
toms which  they  produce. 

We  may  classify  affections  of  the  upper  air  passages  which 
come  under  this  head  as  hypertrophic  and  atrophic.  The 
first  condition  interferes  with  the  circulation  within  the  tym* 
panum  and  labyrinth,  and  also  disturbs  the  equilibrium  of 
the  drum  membrane  and  ossicles  by  interfering  with  the 
free  ventilation  of  the  tympanic  cavity.  Atrophic  changes, 
on  the  other  hand,  are  much  less  frequently  operative  in  the 
production  of  aura!  symptoms.  Occasionally  they  represent 
the  results  of  a  previous  inflammatory  condition  which  has 
caused  the  aural  aflection,  but,  at  the  time  when  the  atrophic 
changes  arc  observed,  exert  but  little  influence  upon  the  con- 
dition of  the  car.  The  slight  efTect  which  they  produce  is 
mechanical,  and  depends  upon  the  efforts  of  the  patient  in 
relieving  the  mucous  membrane  of  accumulations  of  inspis- 
sated secretion  dependent  upon  its  atrophied  condition.  All 
these  movements  of  the  pharynx  affect  the  calibre  of  the 
Eustachian  tube  and  interfere  with  the  atmospheric  pressure 
within  the  tympanum. 

Anatomically  we  shall  consider — 

1.  Diseases  of  the  nasal  cavity. 

2.  Diseases  of  the  naso-pharynx. 
Under  diseases  of  the  nasal  passages  wc  have  belonging 

to  the  group  characterized  by  the  presence  of  newly  formed 
tissue,  hypertrophic  rhinitis  and  deformities  of  the  nasal  sep- 
tum. An  atrophic  condition  of  the  mucous  membrane  lining 
the  nasal  cavity  is  more  rare,  and  constitutes  the  disease 
known  as  atroDhic  rhinitis. 
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In  the  nasopharynx  the  most  common  hypertrophic  con- 
dition is  that  known  as  adenoid  vegetations,  or  enlargement 
of  the  pharyngeal  tonsil.  Neoplasms  will  not  be  considered 
here,  since  the  aural  symptoms  to  which  they  give  rise  are 
always  secondary  to  those  referred  to  the  region  from  which 
the  growth  springs.  An  atrophic  condition  of  the  naso-phar- 
yngeal  mucous  membrane  constitutes  the  lesion  in  so-called 
naso-pharyngeal  catarrh. 


CHAPTCR  XLDC. 

HYPERTROPHIC   RHINITIS.— DRFORMITIES  OF  THE   NASAL 

SEITUM. 
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Hypertrophic  Rhinitis. 

This  condition  consists  in  a  true  hypertrophy  of  (he  el& 
mcnts  which  go  to  make  up  the  turbinated  bodies,  and  in- 
volves  especially  the  inferior  turbinated  body.  In  addition  _ 
to  the  new  g-rowth  of  connective  tissue  present,  the  venous  m 
sinuses  inclosed  between  its  meshes  become  tortuous,  and 
increase  in  size  and  in  number.  As  a  result  of  these  changes, 
the  tissue  covering  the  inferior  turbinated  bone  is  increased 
in  volume,  and  in  marked  cases  hangs  loosely  from  its  bony 
attachment,  so  as  to  obstruct  the  nostril  to  a  considerable 
degree.  When  the  venous  channels  are  engorged  with 
blood,  (his  obstructing  mass  may  attain  such  a  size  as  to  ■ 
completely  close  the  inferior  meatus  and  prevent  the  passage  " 
of  air.  The  condition  probably  depends  most  frequently, 
according  to  Bosworth.  upon  a  deformity  of  the  nasal  sep- 
tum, and  is  most  marked  upon  the  side  which  is  least  ob- 
structed by  the  septal  projection.  Owing  to  the  obstruc- 
tion of  one  nostril,  each  act  of  inspiration  rareftes  the  air 
in  the  opposite  nasal  chamber  and  favors  dilatation  of  the 
veins  imbedded  in  the  turbinated  tissue.  Continued  for  a 
long  lime,  permanent  tissue  changes  take  place,  resulting  in 
the  chronic  venous  engorgement,  and  in  the  hypertrophic 
tissue  changes  above  enumerated.  Such  a  condition  renders 
the  patient  extremely  susceptible  to  variations  in  temperature, 
which  result  in  the  affection  commonly  known  as  "cold  in 
the  head."  Repeated  attacks  of  this  character  operate  to 
increase  the  chronic  condition  which  underlies  it.  Without 
cither  entering  into  an  enumeration  of  the  various  reflex  dis- 
turbances depending  upon  this  nasal  condition,  or  dwelling 
upon  the  various  local  symptoms  which  are  cnused,  we  maj 
slate  that  the  most  common  symptom  of  which  the  suSeret 
complains  is  the  inability  to  breathe  through  the  nose,  and  ol 
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frequently  repeated  colds  in  the  head.  The  effect  of  these 
attacks  of  nasal  stenosis  may  influence  the  hearing  to  a 
marked  degree.  Patients  almost  invariably  state  that  during 
such  an  attack  the  hearing  is  much  less  acute  than  when  the 
nasal  respiration  is  not  interfered  with,  and  that,  as  the  at- 
tacks increase  in  frequency,  complete  restoration  of  the  hear- 
ing does  not  take  ptace  as  readily.  The  intervals  during 
which  the  hearing  is  fairly  good  become  shorter  and  shorter, 
until  every  fresh  attack  seems  to  leave  the  power  of  audition 
more  impaired.  While  many  of  these  symptoms  depend 
upon  interference  both  with  the  circulation  within  the  tym- 
panum and  the  Eustachian  tube,  and  with  the  proper  ventila- 
tion of  the  middle  ear,  it  is  certain  that  a  large  proportion  of 
cases  are  met  with  in  which  a  physical  examination  reveals 
the  Eustachian  tube  patent  throughout  the  entire  attack,  and 
in  these  cases  we  must  conclude  that  the  turgesccncc  of  the 
turbinated  bodies  interferes  with  the  venous  return  current 
from  Ihc  labyrinth,  causing  labyrinthine  congestion.  Func- 
tional examination  of  these  patients  seems  to  confirm  this 
view,  and  it  is  therefore  important  to  remember  that  the 
venous  engorgement  within  the  nasal  passages  is  operative 
in  the  production  of  labyrinthine  symptoms  directly,  as  well 
as  in  exciting  changes  in  the  tympanic  cavity. 

This  is  undoubtedly  the  reason  why,  in  many  cases,  sub- 
jective noises  will  be  improved  by  treating  the  upper  air  pas- 
sages, although  upon  functional  examination  the  patients 
exhibit  none  of  the  phenomena  characteristic  of  an  involve- 
ment of  the  conducting  mechanism.  The  symptoms  arc, 
without  doubt,  due  to  vascular  changes  within  the  labyrinth 
dependent  upon  the  turgesccncc  of  the  turbinated  tissue 
within  the  nasal  cavity,  and  a  removal  ol  the  cause  relieves 
the  symptoms.  This  fact  certainly  broadens  the  field  of  use- 
fulness of  intranasal  surgery,  which  has  quite  commonly  been 
Supposed  to  be  of  value  only  in  affections  of  the  middle  car. 
Symptoms  referable  to  the  nasal  passages  themselves  have 
already  been  alluded  to,  while  a  more  detailed  account  of  the 
various  aural  <;ymptom<t  will  be  found  under  the  different 
diseases  before  described. 

Concerning  the  diagnosis  of  the  condition,  an  examination 
both  by  anterior  and  posterior  rhino.scopy  will  render  its 
recognition  easy.  Upon  anterior  rhinoscopic  examination, 
the  inferior  turbinated  body  will  be  seen  to  project  into  the 
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passage,  occluding  it  more  or  less  completely  and  preventing 
an  inspection  of  the  posterior  wall  of  the  pharyngeal  vault 
through  the  anterior  narcs.  Where  a  deformity  of  the  sep- 
tum is  present,  the  hypertrophy  will  be  found  more  marked 
upon  the  side  opposite  to  that  occluded  by  the  septal  obstmo 
lion.  Curiously  enough,  the  patient  will  complain  of  this 
nostril  as  the  one  obstructed,  the  reason  being  that  respira- 
tion through  the  opposite  passage  having  been  imperfect  for 
a  long  time,  he  has  ceased  to  observe  changes  in  its  patency, 
while  the  obstruction  upon  the  opposite  side,  or  the  one  upon 
which  he  depends  for  nasal  respiration,  is  immediately  recog". 
nized,  as  any  increased  turgescence  practically  renders  nasal 
respiration  impossible.  Impact  with  a  probe  temporarily  ex- 
presses the  blood  from  the  swollen  turbinated  tissue,  the 
engorged  condition  immediately  recurring  as  soon  as  me- 
chanical pressure  is  removed.  This  examination  with  a 
probe  also  reveals  to  the  operator  that  the  membrane  is 
thickened  ;  it  feels  velvety  to  the  touch  as  the  probe  presses 
it  against  the  outer  bony  wall  of  the  nasal  cavity.  Posterior 
rhinoscopy  will  reveal  a  similar  condition  over  the  posterior 
extremity  of  the  lower  turbinated  body,  and  in  some  instances 
the  hypertrophic  changes  may  be  more  marked  here  than  ao- 
teriorly.  The  posterior  extremity  of  the  inferior  turbinated 
body  may  project  into  the  cavity  of  the  naso-pharynx  as  a 
round  mzsA,  completely  occluding  the  choana  of  the  afTccted 
side.  Occasionally,  instead  of  presenting  a  smooth  contour, 
the  surface  of  the  mass  is  irregularly  mammillated.  This 
constitutes  the  so-called  posterior  hypertrophy,  and  may  be 
present  upon  both  sides. 

The  middle  turbinated  body  may  present  evidences  o( 
hypertrophy,  but  less  extensive  usually  than  those  exhibited 
by  the  inferior. 

If  a  ten-per-cent  solution  of  cocaine  is  sprayed  into  the 
anterior  narcs,  and  the  parts  again  examined  after  a  few  min- 
utes, a  marked  change  will  be  observed.  Owing  to  the  ac- 
tion of  the  drug,  the  venous  engorgement  will  have  di.<ap< 
peared,  the  mucous  membrane  will  be  seen  to  apply  itself 
more  closely  to  the  bony  parts  beneath,  and  the  pa&sage  will 
be  correspondingly  more  patent  The  posterior  pharyngeal 
wall  will  be  readily  seen  in  most  instances,  if  the  head  of  the 
patient  is  held  in  such  a  position  that  the  floor  of  the  nasal 
cavity  is  horizontal.     In  order  to  render  this  inspection  oi 
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the  posterior  wall  possible,  the  tip  of  the  nose  roust  be  tilted 
up  strongly,  and  the  operator  must  so  direct  the  rays  of  light 
that  the  deepest  portion  of  the  passage  will  be  thoroughly 
illuminated.  The  light  reflex  of  the  posterior  pha,ryngcal 
wall  will  then  be  seen,  its  recognition  being  more  easy  if  the 
patient  is  asked  to  pronounce  the  letter  k,  thus  elevating  the 
soft  palate.  During  this  act  the  levator  palati  muscle  will 
be  seen  to  pass  across  the  field  of  vision,  encroaching  upon 
the  posterior  nasal  orifice. 

The  results  of  treatment  of  this  condition  arc  exceedingly 
satisfactory,  and  it  will  be  always  possible  not  only  to  relieve 
the  attacks  of  intermittent  turgcsccncc  of  the  mucous  mem- 
brane,  but  also  to  cause  the  absorption  of  hyperplastic  tissue 
and  to  return  the  membrane  to  its  normal  condition.  Our 
efforts  at  treatment  must  be  directed  both  to  the  results  of 
the  hyperplastic  process  and  toward  the  removal  of  those 
causes  which  operate  to  produce  the  intermittent  turgcsccnce 
of  the  membrane. 

If  there  is  an  obstruction  upon  one  side  due  to  a  deform- 
ity of  the  nasal  septum,  this  must  first  receive  attention. 
The  [larticular  manner  in  which  this  shall  be  done  will  de- 
pend upon  the  choice  of  the  individual  operator,  and  some- 
what upon  the  character  of  the  obstruction.  Where  a  prom- 
inent ridge  is  present  this  is  best  removed  by  means  of  the 
nasal  saw.  Where  the  septal  obstruction  is  not  sufficiently 
circumscribed  to  admit  of  removal  in  this  manner,  it  may  be 
burned  away  by  means  of  the  galvano-cautcry.  Some  prefer 
the  use  of  the  electric  trephine,  and  good  results  undoubt- 
edly follow  the  use  of  this  instrument,  but  the  author  has 
had  no  personal  experience  with  it.  For  the  relief  of  the 
turbinate  hypertrophy  the  membrane  should  first  be  exsan- 
guinated by  means  of  cocaine,  after  which  a  small  bead  of 
chromic  acid  melted  upon  the  tip  of  a  metal  probe  should  be 
applied  to  a  limited  area  over  the  inferior  turbinated  body. 
The  site  of  the  application  should  correspond  to  that  which 
was  most  prominent  before  cocaine  was  applied.  The  super- 
ficial extent  of  this  application  will  depend  upon  the  degree 
of  the  previous  turgcsccncc ;  usually  the  membrane  is  cov- 
ered with  the  chromic  acid  over  an  area  about  the  size  of  a 
split  pea.  Care  should  be  taken  to  dry  the  nasal  mucous 
membrane  with  a  pledget  of  cotton  before  applying  the 
chromic  acid ;  any  excess  of  acid  is  to  be  immediately  re- 
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moved  by  means  of  a  dry  pledget  o!  cotton,  to  prevent  its 
spreading  over  the  surface  of  the  membrane.  The  result  o) 
this  application  i&  to  form  an  inclaMic  eschar,  which  pre- 
vents the  swelling  of  the  turbinated  tissue  after  the  effect  of 
the  cocaine  has  passed  away.  The  blood  vessels  are  thus 
supported,  and  their  walls  resume  their  normal  tone.  The 
slough  separates  at  the  end  of  from  five  to  ten  days,  after 
which  the  operation  is  repealed  over  another  portion  of  the 
turbinated  body.  These  applications  are  continued  until  the 
patency  of  the  passage  hasTieen  restored.  When  the  hyper- 
trophy is  excessive  the  cold  wire  snare  may  be  used  to  re- 
move redundant  portions.  The  membrane  is  first  anxstbet* 
ized  with  cocaine  and  the  loop  made  to  surround  the  mass. 
The  wire  is  then  drawn  into  the  tube  and  cuts  through  the 
tissue  which  it  surrounds.  When  the  mass  is  situated  in  the 
posterior  nares  the  wire  loop  should  be  made  to  cut  through 
slowly  by  using  the  screw.  In  this  manner  hxmorrhagc  is 
avoided.  As  cocaine  exsanguinates  the  membrane,  it  is  well 
to  use  only  a  sufficient  quantity  to  produce  anaesthesia,  in 
order  that  the  snare  may  remove  as  much  of  the  swollen  mu- 
cous membrane  as  possible.  After  the  operation  is  completed 
a  little  iodol  is  to  be  insufflated  upon  the  cut  surface,  and  the 
patient  directed  to  avoid  forcible  efforts  at  clearing  the  nos- 
tril for  at  least  twelve  hours.  In  this  way  hxmorrhagc  is 
avoided,  and  prompt  recovery  is  the  rule. 

Hygienic  rules,  such  as  proper  attention  to  underwear, 
the  daily  use  of  the  cold  bath,  etc.,  must  not  be  forgotten  in 
the  treatment  of  these  cases. 
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As  the  condition  which  obstructive  lesions  of  this  char- 
acter produce  have  been  discussed  sufficiently  under  hyper- 
trophic rhinitis,  we  shall  consider  here  only  the  surgical  pro- 
cedures adopted  for  the  relief  of  the  obstruction.  Where  the 
deformity  consists  of  a  prominent  ridge  extending  from  the 
anterior  portion  of  the  cavity  for  a  considerable  distance 
toward  the  posterior  nares,  the  nasal  saw  devised  by  Bos- 
worth  seems  to  be  the  most  simple  instrument  (or  relieving 
the  condition.  The  patency  of  the  passage  is  to  be  restored 
by  sawing  off  the  obstructing  ledge  cither  from  above  down- 
ward or  from  below  upward,  according  to  the  special  topog- 
raphy of  the  lesion  and   the  choice  of  the  operator.     This 
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procedure  can  be  carried  out  under  cocaine  anaesthesia,  and 
is  absolutely  painless,  Care  should  be  taken  that  all  instru- 
ments used  at  the  operation  have  been  previously  sterilized 
by  bnilin)^  in  a  one-per-cent  carbonate-wf-soda  solution.  After 
the  operation,  a  little  iodul  is  insulHated  into  the  passage,  so 
as  to  cover  the  exposed  surface,  and  recovery  is  usually  un- 
cvcntlul. 

Where  the  obstruction  is  of  such  a  shape  that  the  saw 
can  not  be  used  the  galvano-cautery  may  be  employed.  After 
local  ana;sthesia  has  been  induced  by  the  use  of  cocaine,  the 
flat  platinum  blade  should  be  applied  to  the  most  prominent 
point  and  the  obstructiuii  burned  away.  The  platinum  lip 
should  be  at  a  brig-ht-red  heat,  as  a  temperature  below  this 
causes  pain,  while  if  it  is  heated  to  a  higher  degree  the  opera- 
tion is  hkely  to  be  followed  by  hBemorrhage.  It  is  usually 
unwise  to  attempt  the  destruction  of  a  large  obstructing  mass 
at  one  sitting.  A  porlioii  o(  the  obstruction  should  be  burned 
away,  and  the  ojieratiun  re|»caled  at  intervals  of  ten  days  or 
two  weeks  until  a  patent  passage  is  obtained.  The  wounded 
Surface  is  dressed  in  the  same  manner  as  when  the  saw  is 
used. 

In  many  cases  of  nasal  obstruction,  due  to  se|jtal  deformity, 
the  patency  of  the  nasal  passages  is  best  restored  by  perform- 
ing a  submucous  resection  of  the  septum.  This  operation  is 
applicable  to  many  cases  which  were  formerly  operated  upon 
either  by  means  of  the  saw  or  the  galvano-cautery.  The  oper- 
ation, in.  many  of  these  cases,  is  an  ideal  one.  For  a  detailed 
account  of  the  operation,  the  reader  is  advised  to  consult  any 
of  the  recent  works  on  Diseases  o(  the  Nose. 
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ATROPHIC   RHINITIS. 


WliKN  the  nasal  passages  arc  the  seat  of  an  atrophic 
process  the  mucous  membrane  covering  the  walls  of  the 
cavity  becomes  attenuated  and  applies  itself  closely  to  the 
underlying  bony  structures.  Microscopical  examination 
teaches  us  that  this  atrophy  affects  the  glands  with  which 
the  membrane  is  supplied.  The  secretion  is  altered  in  char- 
acter, and  contains  an  excess  of  solid  elements.  The  result 
is  that  it  dries  within  the  passage  forming  large  irregular 
crusts  upon  the  mucous  membrane.  As  these  crusts  become 
dry  they  shrink,  expelling  the  blood  from  the  underlying 
mucosa,  and  mechanically  augment  the  atrophic  changes. 
Bosworth  is  undoubtedly  correct  in  the  statement  that  the 
disease  is  of  long  duration  and  develops  as  the  result  of  puru- 
lent rhinitis  in  childhood,  usually  after  one  of  the  exanthe- 
mata. An  examination  shows  an  abnormal  patency  of  the 
nasal  passages,  the  membrane  applying  itself  so  closely  to 
the  bony  framework  that  the  turbinated  bodies  appear 
merely  as  lines  upon  the  outer  walls  of  the  chambers.  The 
post-pharyngeal  wall  can  be  easily  recognized  upon  anterior 
rhinoscopic  examination.  Owing  to  the  absence  of  the  nor- 
mal turbinated  tissue,  the  air  which  reaches  the  vault  of  the 
pharynx  through  the  nasal  cavity  is  not  properly  moistened 
and  abstracts  moisture  from  the  membrane  in  this  region; 
the  result  is  that  we  usually  find  a  mass  of  inspissated  mucus 
lining  the  vault  of  the  pharynx.  The  patient  complains  not 
only  of  the  crusts  which  are  expelled  from  the  nasal  cavity, 
but  also  of  the  formation  of  a  broad  scale  of  tenacious  mucuS 
which  is  drawn  down  from  the  vault  of  the  pharynx  after 
repeated  efforts  at  clearing  the  passage.  These  masses  of 
inspissated  secretion  within  the  nasal  chambers  undergo  de- 
composition and  impart  to  the  breath  an  extremely  fetid  odor. 
which  is  a  characteristic  feature  of  the  affection. 

The  aural  symptoms  which  are  present  in  these  cases  are 
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ordinarily  insignificant,  and  arc  usually  due  to  a  previous  in- 
volvement of  Ihc  middle  ear  in  childhitod,  when  the  purulent 
rhinitis  was  at  its  height.  It  is  possible  that  the  imperfect 
moistening  of  the  air  may  play  a  part  in  the  production  of 
certain  aural  symptoms,  although  this  has  never  seemed  to 
mc  probable.  It  is  more  likely  that  the  condition  within  the 
middle  ear  is  concomitant  with  rather  than  secondary  to  the 
nasal  condition. 

The  treatment  of  this  alTcction  is  unsatisfactory  as  far  as 
effecting  a  permanent  curcj  but  efficient  in  relieving  the  pa- 
tient from  the  disagreeable  symptoms  which  it  causes.  The 
first  measure  is  (o  thorovighly  cleanse  the  nasal  cavity,  rcmoy. 
ing  all  decomposing  crusts.  This  is  best  done  by  the  use  of 
the  nasal  douche.  At  least  a  quart  ol  a^  weak  saline  solution, 
as  hot  as  can  be  borne,  is  to  be  passed  through  the  nasal 
chambers  twice  daily;  this  not  only  washes  away  decompos- 
ing masses,  but  exercises  a  certain  stimulating  action  upon 
the  membranes.  During  the  day  tht  nasal  chambers  may  be 
cleansed  at  frequent  intervals  with  an  alkaline  spray  such  as 
the  following: 

9  Sod.  bicarb gr.  xj ; 

Acid,  boric 3  ss. ; 

Acid,  carbolic m.  Iv; 

Glycerin 5  j : 

Aqua q.  s.  ad  S  viij. 

M.  Sig. :  Dilute  with  an  equal  volume  of  water,  and  use 
in  an  atomizer  as  a  nasal  spray. 

Later,  irrigation  may  be  employed  but  once  daily.  If 
faithfully  continued,  this  treatment  will  prevent  the  discom- 
fort attendant  upon  the  nasal  affection.  The  use  of  the  nasal 
douche  in  these  cases  seldom  produces  aural  symptoms,  as 
the  nasal  passages  arc  free  and  there  is  but  little  danger  of 
the  fluid  entering  the  tympanum.  It  should  always  be  re- 
mcmbercd  in  employing  the  douche  that  the  current  should 
enter  by  the  occluded  nostril  if  there  is  any  difference  in  the 
patency  of  the  two  sides,  In  this  way  it  is  practically  impos- 
.<iible  for  any  accident  to  happen.  The  relief  of  the  nasal  con- 
dition exerts  but  little  inHtiencc  upon  the  aural  disease.  The 
chief  source  of  relief  is  probably  due  to  the  fact  that  the 
patient  makes  less  vigorous  efforts  at  expelling  the  crusts  by 
blowing  the  nose,  and  the  sudden  increase  of  tympanic  prcs- 
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sure  is  thus  avoided.  In  some  itisianccs  it  is  wise  to  fur- 
ther stimulate  the  parts  by  the  in:>ufnation  of  the  followii^ 
powder  immcdiatrly  after  the  douche  has  been  used: 

Q   Pulv.  sang'uinaria;. Sss.; 

Pulv.  lycopodii q.  s.  ad  §  j. 

This  causes  considerable  pain  when  insufDated  into  the  nasal 
chambers  and  produces  a  profuse  watery  discharge.  In  this 
manner  the  turbinated  tissues  arc  stimulated  to  activity  and 
return  to  a  more  nearly  normal  c<)ndition.  The  insuftiation 
of  the  powder  is  to  be  discontinued  after  the  tendency  to 
crust  formation  has  been  checked. 

Quite  a  large  proportion  of  cases  of  sccallcd  atrophic 
rhinitis  will  be  found  to  be  dependent  upon  suppuration,  either 
in  tiic  ethmoid  or  sphenoid  cells.  Where  such  a  suppuration 
exists,  the  condition  will  only  be  reiic\xd  by  proper  attention 
to  the  ethmoid  or  sphenoid  suppuration.  A  detailed  descrip- 
tion of  ilie  methods  of  treatment  will  be  found  in  the  many 
works  devoted  to  the  special  consideration  ol  this  subject. 
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This  con<liiion  is  undoubtedly  responsible  for  imirc  than 
hati  of  the  pa  til  Illogical  k-siuns  met  with  in  the  tympanum. 
It  is  essentially  a  disease  of  childhood,  probably  a  manifesta. 
tion  of  a  constitutional  diathesis  not  inappropriately  termed 
by  Bosworth  "lyinphatism."  The  maimer  in  which  a  mass 
of  lymphatic  tissue  in  the  pharynj^eal  vault  influences  the 
organ  of  hearing  has  already  been  described  in  the  beginning 
of  this  section,  and  need  not  be  repeated.  We  should  bear 
in  mind  that  its  influence  is  not  alone  confined  to  the  middle 
ear.  but  that  the  vessels  of  the  labyrinth  undoubtedly  suffer 
when  this  lymphatic  tissue  is  the  seat  of  repeated  attacks  of 
acute  inflammation. 

The  symptoms  dependent  upon  the  presence  ol  the  growth 
arc  those  of  nasal  obstruction,  the  sufferer  breathing  almost 
entirely  through  the  mouth,  especially  during  sleep.  The  na- 
sal  quality  of  the  voice  is  wanting,  and  among  young  children 
there  is  a  persistent  discharge  from  the  anterior  narcs.  Such 
a  growth  becomes  easily  congested,  and  the  cases  present 
with  the  history  of  frequent  colds  in  the  head.  A  cold  in  the 
head  in  a  child  under  twelve  years  of  .igc  is  almost  invariably 
dependent  upon  adenoid  vegetations  within  the  pharyngeal 
vault. 

The  aural  symptoms  are  quite  as  characteristic  as  those 
referable  to  the  air  passages.  There  are  frequent  attacks  o( 
earache,  terminating  in  some  cases  in  a  discharge  from  the 
car.  which  may  continue  as  a  purulent  otitis  media ;  or  where 
the  indanimation  is  less  severe  there  may  be  repeated  attacks 
of  tubo-tympanic  congestion  or  of  acute  catarrhal  otitis  media 
without  rupture  of  the  drum  membrane.  In  some  instances 
the  membrane  is  the  seat  of  a  minute  rupture,  and  there  is  the 
history  of  slight  serous  discharge  immediately  following  the 
attack,  but  disappearing  spontaneously  at  the  end  of  a  few 
days. 
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The  disturbances  of  function  are  also  intermittent  in  char- 
acter. With  every  cold  in  the  head  the  hearing  becomes 
dull,  and,  if  the  patient  is  old  enough  to  explain  the  symp- 
toms, he  complains  of  a  full  or  stuffy  feeling  in  the  ears,  in 
addition  to  the  impaired  hearing.  Many  times  this  last  symp- 
tom is  misinterpreted  in  young  subjects,  and  the  child  is  con- 
sidered inattentive.  Such  a  history  should  always  lead  to  a 
careful  examination  of  the  ears,  as  most  children  who  seem 
to  be  "absent-minded  "  are  really  hard  of  hearing. 

An  examination  of  the  oro-pharynx  frequently  shows  that 
the  faucial  tonsils  are  enlarged,  although  they  may  be  normal 
in  size.  Enlarged  lymphatic  nodules  are  frequently  seen  ir- 
regularly distributed  upon  the  posterior  pharyngeal  wall,  and 
are  most  numerous  in  the  region  of  the  posterior  folds.  Upon 
posterior  rhinoscopy,  the  vault  of  the  pharynx  is  seen  to  be 
occupied  by  a  mass  attached  either  to  the  roof  or  springing 
from  the  posterior  wall.  This  mass  may  be  most  prominent 
in  the  median  line,  or  the  membrane  covering  the  pharyngeal 
vault  may  be  uniformly  thickenedj  excepting  in  the  region 
about  the  Eustachian  orifices,  where  it  is  thrown  into  numer- 
ous folds  and  reduplications.  The  membrane  covering  the 
entire  naso-pharyngeal  space  appears  velvety  and  soft,  resem- 
bling somewhat  the  faucial  tonsils  in  appearance,  although  the 
tissue  appears  less  firm.  Where  posterior  rhinoscopy  can 
not  be  conducted  satisfactorily,  such  a  growth  may  be  seen 
by  anterior  rhinoscopy  if  the  turbinated  bodies  have  been 
previously  exsanguinated  by  the  application  of  a  solution  of 
either  cocaine  or  adrenalin.  When  this  method  is  employed, 
the  patient  should  sit  so  that  the  Hoor  of  the  nasal  chambers 
is  very  nearly  in  the  horizontal  plane.  If  the  light  is  directed 
into  the  cavity,  the  adenoid  growth  will  be  seen  lying  behind 
the  posterior  nasal  opening,  and  sometimes  encroaching  upon 
it,  if  it  springs  from  the  roof  of  the  naso-pharynx.  When  at- 
tached to  the  posterior  wall,  it  is  recognized  by  the  undue 
prominence  of  this  region,  while  manipulation  with  a  probe 
demonstrates  its  papillary  character. 

In  very  young  children  either  of  these  methods  of  exami- 
nation may  be  impossible.  In  such  a  case  the  mouth  should 
be  held  open  either  with  a  mouth  gag  or  by  means  of  a  cork 
inserted  between  the  teeth,  and  the  surgeon  should  pass  the 
index  finger  behind  the  palate  into  the  naso-pharynx;  the 
presence  of  the  adenoid  vegetations  will  be  recognized  by 
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the  solt,  velvety  feeling  of  the  membrane.  Upon  withdraw- 
ing the  finger  it  will  be  usually  found  covered  with  blood,  as 
in  young  children  the  soft  tissue  is  easily  wounded, 

The  removal  of  such  a  mass  is  the  only  treatment  to  be 
considered  if  aural  symptoms  are  present.  The  author's 
preference  is  the  performance  of  a  complete  operation  under 
general  anaesthesia,  the  growth  being  removed  by  the  (creeps 
and  curette. 

All  instruments  arc  to  be  sterilized  by  boiling.  The  child 
is  placed  upon  the  table  in  a  recumbent  position.  For  chil- 
dren under  twelve  years  of  age  chloroform  is  without 
doubt  the  best  anaesthetic  to  employ.  Alter  complete  an- 
aisthesia  the  head  is  thrown  backward  over  the  edge  ol  Ihe 
table,  or  the  same  end  can  be  attained  by  placing  a  small, 
hard  pillow  under  the  neck.  By  this  procedure  the  vault  of 
the  pharynx  is  made  to  occupy  a  lower  level  than  the  larynx, 
and  the  danger  of  the  accidental  entrance  of  blood  into  the 
trachea  is  reduced  to  a  minimum.  The  jaws  arc  held  apart 
by  a  properly  constructed  mouth  gag,  and  the  surgeon,  stand- 
ing upon  the  right  of  the  patient,  introduces  the  left  (orc- 
iingcr  behind  the  palate,  where  it  remains  until  the  operation 
is  completed.  The  closed  forceps  held  in  the  right  hand  is 
now  passed  along  the  left  forefinger  as  a  guide  into  the  naso> 
pharynx,  where  it  is  opened  and  made  to  grasp  as  much 
of  the  growth  as  possible,  the  manipulation  being  directed 
by  the  left  index  finger.  In  this  way  the  growth  is  removed 
piecemeal,  and  the  operation  is  not  considered  complete  until 
the  examining  finger  fails  to  discover  any  masses  projecting 
into  the  naso-pharyngcal  space.  The  operation  is  completed 
by  passing  the  curette  into  the  space  and  sweeping  it  along 
each  Intcra!  wall  and  along  the  posterior  wall  of  the  cavity. 
The  child  is  then  turned  over  on  the  face,  to  facilitate  the  dis- 
charge of  blood  which  has  accumulated  in  the  naso-pharynx 
during  the  progress  of  the  operation,  the  mouth  gag  not  be- 
ing removed  until  this  position  has  been  assumed.  No  after- 
treatment  is  necessary,  and,  if  the  instruments  have  been 
sterilized,  recovery  is  uneventful.  In  rare  cases  Ihe  operation 
is  followed  by  an  acute  congestion  within  the  tympanum  or 
by  a  catarrhal  inflammation.  Thi.<;  accident  happens  so  sel- 
dom that  it  am  be  practically  disregarded.  Another  com. 
plication  which  is  perhaps  more  frequent  is  an  acute  follicular 
tonsillitis,  but  this  is  also  very  rare. 
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Intimately  associated  with  enlargement  of  the  pharyngeal 
tonsil  is  a  similar  condition  affecting  the  lymphatic  tissue 
of  the   oro-pharynx.     Many   years   ago  the  removal  of  en- 
larged laucial  tonsils  for  the  relief  of  impaired  hearing  wagfl 
advocated  by  Yearsley.     After  Meyer  had  shown  the  marked 
effect  which  hypertrophy  of  the  pharyngeal  tonsil  exerted  in    ' 
the  causation  of  inflammatory  processes  within  the  cympanuro,9 
removal  of  the  faucial  tonsils  for  these  conditions  fell  into  dis- 
use.    It  is  probable  that  excision  of  the  iaucial  tonsils  is  de> 
raanded  in  many  cases  of  aural  disease  both  of  the  suppura- 
tive and  of  the  nonsuppurative  variety.     It  is  also  prubabic 
that  the  beneficial  effect  produced  is  due  largely  to  the  ab- 
sorption  of  the  pharyngeal  tonsil  which  follows  the  operation 
in  many  cases.    As  a  rule,  however,  whenever  the  faudal 
tonsils  are  hypertrophied,  and  at  the  same  time  an  inf)ani>_ 
matory  process  is  present  within   the  tympanum,  their  re-fl 
moval  should  be  advocated.     In  the  large  majority  of  cases 
enlarged  faucial  tonsils  occur  coincidently  with  au  enlarged 
pharyngeal  tonsil,  and  should  be  removed  at  the  same  time 
that  the  operation  is  performed  upon  the  adenoid  vegetations. 

In  young  subjects,  a  fairly  perfect  tonsillotomy  may  oftcn^ 
be  done  by  the  use  uf  the  tonsillotomc.  The  author,  hovvcvcr,S 
prefers  in  every  case  to  enucleate  enlarged  tonsils  as  thor- 
oughly as  possible,  by  first  dissecting  the  tonsil  out  from  be- 
tween the  pillars  of  the  fauces,  either  by  some  form  of  tonsil 
dissector  or  preferably  with  the  index  finger.  After  the  tonsil 
has  been  freed  from  adhesions  in  this  manner,  it  may  be  re- 
moved cither  with  a  tonsillotome,  or,  belter  still,  with  a  cold 
wire  snare.  In  patients  over  twelve  years  of  age,  the  snare 
should  invariably  be  used  in  order  to  avoid  haemorrhage. 

When  tonsillutimiy  and  the  removal  of  adcnoiil  vegeta- 
tions arc  practiced  at  the  same  operation,  it  is  usually  wise  to 
remove  the  faucial  tonsils  first,  as  the  haemorrhage  from  the 
pharyngeal  vault  rather  obscures  the  field  of  operation  ii  the 
adenoid  growth  is  first  attacked. 
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This  condition  is  probably  due  to  atrophic  changes  which 
take  place  in  the  pharyngtal  tonsil  in  adult  life.  These 
cnanges  consist  in  the  disappearance  of  the  cellular  elements 
of  the  lymphatic  nodules,  and  an  increase  in  the  fibrous  tissue 
constituting  the  framework  of  the  gland.  It  is  probable  that 
if  the  complete  history  of  every  case  could  be  obtained  wc 
should  find  that  these  patients  suffered  from  symptoms  refer- 
able to  a  moderate  hypertrophy  of  the  pharyngeal  tonsil  dur- 
ing childhood.  The  condition,  however,  was  not  sufficiently 
marked  to  demand  surgical  interference,  and  in  early  adult 
life  the  symptoms  disappeared.  It  is  only  late  in  life,  when 
ficlerotic  changes  take  place,  that  symptoms  dependent  upon 
the  presence  of  this  tissue  again  appear.  The  prominent 
symptom  of  which  these  patients  complain  is  the  accumula- 
tion of  viscid  secretion  in  the  pharyngeal  vault  This  secre- 
tion excites  repeated  efforts  upon  the  part  o(  the  patient  to 
draw  the  mass  back  into  the  mouth  and  expel  it  in  this  way. 
The  annoyance  which  the  condition  occasions  varies  greatly 
in  different  individuals.  In  some,  the  effort  to  expel  the  in- 
spissated mucus  may  bring  on  an  attack  oi  retching,  or  even 
vomiting,  while  in  other  instances  spasmodic  attacks  of  cough- 
ing may  be  excited.  All  manifestations  due  to  the  presence 
of  the  mass  arc  exaggerated  when  the  patient  suffers  from  a 
cold  in  the  head,  and  each  fresh  attack  of  inffammation  ren- 
ders the  victim  more  liable  to  a  succeeding  attack  upon  slight 
exposure. 

The  aural  symptoms  in  general  are  those  enumerated  in 
the  chapter  upon  Chronic  Catarrhal  Otitis  Media.  We  may 
find  either  a  hyperplastic  or  a  hypertrophic  process  within 
the  middle  ear.  It  is  a  question  to  what  extent  the  naso* 
pharyngeal  condition  has  been  productive  of  the  aural  lesion. 
My  own  belief  is  that  the  two  processes  arc  coexistent  rather 
than  interdependent,  and  that  the  middle-ear  changes  have 
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resulted  from  the  presence  oi  an  excessive  amount  ol  adenoid 
tissue  in  the  pharyngeal  vault  at  an  early  period  of  Hfc,  and 
do  not  depend  upon  the  sclerotic  changes  which  have  subse- 
quently taken  place  in  this  tissue,  although  ihey  are  similar  in 
character.  Naturally  the  aural  symptoms  are  aggravatetl  by 
the  congestion  of  the  naso-pharyngeal  mucous  membrane,  «i 
account  of  the  intimate  relation  which  exists  between  the 
vessels  in  the  two  regions  ;  but  it  is  unwarrantable  to  assume 
that  any  treatment  directed  toward  a  correction  of  the  naso- 
pharyngeal lesion  will  do  more  than  exempt  the  organ  of 
hearing  from  repeated  attacks  of  congestion.  The  sclerotic 
changes  have  advanced  to  such  an  extent  in  these  cases  that 
we  can  not  hope  for  an  absoqition  of  the  new  tissue,  even  if 
the  parts  are  kept  in  a  state  o(  perfect  equilibrium.  Efforts 
at  treatment  will  cut  short  an  attack  of  inHammation  in  this 
region  and  relieve  the  throat  symptoms,  and  will  at  the  same 
time  relieve  the  acute  aural  symptoms  and  cause  the  tym- 
panic mucous  membrane  to  return  to  the  condition  present 
before  the  acute  attack.  Beyond  this,  however,  no  treatment 
of  the  naso-pharynx  will  be  of  avail  in  adult  life. 

The  treatment  of  the  condition  consists  in  local  applica- 
tions of  an  astringent  solution  to  the  naso-pharyngcal  mucous 
membrane.  These  applications  may  be  made  by  means  of  a 
curved  applicator  carried  behind  the  soft  palate,  or.  as  I  pre- 
fer, by  a  cotton-tipped  probe  carried  through  the  anterior 
nares,  the  nasal  ttiucous  membrane  having  been  previously 
ana;stheti7cd  with  cocaine.  The  strength  of  the  application 
should  vary  with  the  intensity  of  the  indammntion.  In  the 
early  stages  a  solution  of  nitrate  of  silver,  thirty  grains  to 
the  ounce,  thoroughly  applied  to  the  nas()-]>harynx,  may  stop 
the  progress  ol  the  attack  completely.  In  the  later  stages  a 
weaker  solution  should  be  employed.  For  the  chronic  con- 
dition relief  is  obtained  bv  cleansing  the  naso-pharyngeal  mu. 
cous  membrane  either  by  the  post-nasal  syringe  or  by  means 
of  a  spray  through  the  anterior  nares;  after  which  the  appli- 
cation of  a  solution  of  nitrate  of  silver,  ol  a  strength  of  from 
ten  to  fifteen  grains  to  the  ounce,  applied  in  the  manner 
already  described,  will  frequently  be  o(  service  in  relieving 
the  discomfort  attendant  upon  the  condition. 
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CHAPTER   LIII. 

ARTIFICIAL   AtDS   TO   HEARING. 

In  certain  cases  of  impaired  hearing  of  long  standing,  local 
trealnient  must  be  entirely  futile.  The  impairment  of  function 
is  so  irreat  as  to  render  the  improvement  at  the  hands  of  tlic 
otologist  absolutely  impossible,  't  hese  cases  are  fotiml  chieny 
among  indivithials  in  advanced  life  where  senile  changes  have 
taken  place,  both  in  the  middle  ear  and  in  the  perceptive 
mechanism.  It  is  necessary,  ihercforc,  for  the  patient  to  call 
to  his  aid  some  device  which  will  collect  a  larger  volume  of 
scnnd  waves  in  order  that  the  transmitting  mechanism  may  be 
set  in  vibration,  and  thus  permit  of  a  more  perfect  perception 
of  50tin<l. 

While  the  mimber  of  instmments  which  have  been  devised 
for  this  piir|iose  is  mimerons,  all  dejicnd  essentially  upon  the 
simple  jirinciple  of  collecting  a  larger  number  of  sound  vibra- 
tions for  transmission  to  the  deeper  parts.  The  simplest  instru- 
ment, and  the  one  which  embodies  ihc  principle  of  all  rHhers,  is 
the  ordinarj'  car-tnimpct.  This  is  essentially  a  funnel,  the  small- 
er end  of  which  is  placed  in  the  ear,  while  the  broad  end  is  turned 
toward  the  sonrcc  of  sound.  In  this  way  the  sound  waves  jlre 
collected  and  reflected  into  the  meatus,  where  they  impinge 
njwm  the  transmitting  mechanism  and  are  conducted  to  the 
deeper  parts.  Many  modifications  of  this  simple  instrument 
have  been  made.  Instead  of  a  simple  funnel,  the  sound-collecter 
has  been  changed  in  form  so  as  to  fit  closely  to  the  surface  of 
the  skull  behind  the  ear,  the  sound-collector  terminating  in 
a  small  tube  which  fits  into  the  external  auditory  meatus. 
While  an  appliance  of  this  kind  is  sometimes  of  use  to  the 
patient,  its  appearance  attracts  attention,  and  it  offers  practically 
no  advantage  over  the  more  simple  car-trumpet. 

Of  the  car-trumpets  in  use,  perh.^ps  the  best  is  the  small 
London  hearing  horn,  the  receiver  of  which  is  a  hcll-shaiied 
shell  of  some  light  metal.    From  the  side  of  this  shell  a  small 
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tube  projects  which  is  bent  at  right  angles  to  the  axis  of  the 
bell  and  is  fitted  with  an  ear  tip  for  insertion  into  the  external 
auditory  meatus.  The  instrument  is  quite  easily  held  in  the 
hollow  of  the  hand,  and  by  placing  the  hand  holding  the  instru- 
ment to  the  ear,  with  the  ear  tip  in  position  in  the  canal,  a  con- 
siderably increased  volume  of  sound  is  received.  Up  to  the 
present  time  all  attempts  to  magnify  sound,  so  to  speak,  by 
means  of  some  device  which  could  be  inserted  into  the  external 
auditory  canal,  which  would  be  practically  invisible,  have  met 
with  no  success.  ■  The  principle  of  the  ear-trumpet  already 
described  in  the  above  devices,  has  been  applied  to  various  arti- 
cles of  common  use;  for  instance,  the  handle  of  an  ordinary 
walking-stick  may  be  fashioned  into  the  form  of  an  ear-trumpet, 
so  as  to  collect  the  sonorous  vibrations  by  simply  holding  the 
cane  in  the  hand  so  that  the  ear  tip  is  inserted  into  the  canal 
and  an  increased  number  of  sound  waves  thus  collected  and 
transmitted. 

In  another  device  the  collecting  cone  is  somewhat  flattened 
and  its  external  surface  corrugated,  so  as  to  represent  roughly 
a  fan,  the  handle  of  the  fan  containing  the  tube  for  insertion 
into  the  ear;  the  fan  being  held  in  the  hand,  the  ear  tip  is 
placed  in  the  canal  and  the  instrument  effects  its  purpose. 

A  rather  clever  device  has  been  invented  by  Vallerie,  in 
which  the  hearing  horn  takes  the  form  of  the  handle  of  a  lorg- 
nette. This  instrument  perhaps  attracts  less  attention  than  the 
other  devices. 

Quite  recently  an  instrument  has  been  devised  acting  upon 
the  principle  of  the  telephone.  In  this  instrument  a  small  tele- 
phonic receiver  is  held  close  to  the  ear.  This  is  connected  by 
flexible  cords  with  a  sound  receiver  which  may  be  worn  beneath 
the  coat  or  beneath  the  folds  of  the  dress,  while  a  small  storage 
battery  is  carried  in  the  pocket.  A  modified  and  more  bulky 
form  of  this  apparatus  has  been  devised  in  which  the  sound 
receiver  is  placed  upon  a  desk  or  table.  This  instrument  cer- 
tainly helps  some  patients,  and  they  are  able  to  carry  on  a  con- 
versation, listen  to  lectures  and  music,  or  enjoy  the  theatre, 
public  speeches,  and  so  forth.  At  best,  however,  the  device  is 
cumbersome  and  possesses  no  very  great  advantages  over  the 
more  simple  instruments  already  detailed. 
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609,  610.                                                 ^^^H 

Bony  canal,  the,  7,  9,  11 

cuperior  system  of,  601.                                 ^^^^| 

Boswortli,  135.  700,  704,  706,  709. 

stimulation  of,  by  backward  beod-            ^^^^| 

Botcy,  luo. 
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Chronic  catarrhal   otitis  rnodia,  357.    ■ 
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See    Otitis    Media,    Chronic    1 
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ntlus,  66. 

Diabetes,  aural  complic^lions  in,  679.                  ^^^^H 

Concha,  the.  5. 

DifTcKotial  diagnosis,  value  of  func-                  ^^^H 

CoriCTiwidn  of  Ifthyrinth,  73. 

tion^  examination  in,  155.                          ^^^^H 

Concluetinjj  apparatus,  llic,  4. 

Di^taJ    examination    of    pjiar/ngcal                  ^^^^| 

mcdiBnijin,  signs  of  lesions  in,  154. 

133'                                                     ^^^1 

Congenital  maKomiationa  of  the  au- 

DilatiLtion   of    Bustachiati    tube    by                   ^^^^| 

ricle,  173. 

electric  boufie,  373.                                     ^^^^H 

Congestion,    tuha.!.    304.      Sc«    Ev- 

Diphtheria,    in^'olvemcnt  of   interna]                  ^^^^H 

STACBIAS     TimB.     COKCKsnoN 

car       655.                                                  ^^^H 

OF.  304. 

Diphtheritic  Externa]  otitis,  261.                              ^^^^H 

tubo-t>-nipanic,    317.      Sec    Tubo- 

Diploic  mastoid,  443.                                             ^^^^H 

TYJII'AMIC  CONftESTIO.V,  317. 

Di^arti  miction      of     incudo- stapedial                     ^^^^H 

Contusion  of  th«  auricle,  183. 

joint,  49if.  SfH-                                                ^^^H 

Cwradi,  66. 

Disdiargcs,  aural,  bacteria  in,  328.                       ^^^^H 

Cortj,  arch  of,  41. 

DischiiTKc  in  bacberioluKicnl  infection                  ^^^^| 

membrane  of,  43. 

of  tympanum,  ciilturc  of,  302.                    ^^^^H 

rods  of,  58. 

Diseases  of  timnuride,  173.                                   ^^^^| 

funclioa  of.  59. 

of  the  ntteraal  canal,  317.                                  ^^^^| 

CorticAl  Miditory  o<>ntr«,  the,  46. 

of  tbe  maatotd,  449.                                           ^^^^H 

Couk!'.  tcBcx  auraJ.  270. 

of  the  mastoid  process,  442.                               ^^^^| 

Cranial  fosst,  inidill«.  446. 

of  the  nudille  car,  297.                                       ^^^^| 

Crista  vcstibuli.  35. 

of  the  nose  and  ntiso- pharynx,  698.                     ^^^^| 

Cmuc  acuKlica;,  40. 

of  ihc  perceptive  mechanism.  597,                      ^^^^H 

Croupous  extcmsi  otitis,  36l. 

Diviitiim     of     ailtienons     n-iUiin     the                   ^^^^^| 

Crura  furcata,  the,  $, 

tympanum,  496.                                          ^^^^H 

helicis,  the,  5. 

of    the    anterior    ligament   of    the                 ^^^^H 

Culture    of    disdiar][c    in    bacterio- 

m^llcunt,  49<i.                                                    ^^^^| 

lofpc*]  infection  of  the  tympa- 

Double culvric  and   double  galvanic                   ^^^^| 

num.  302. 

tests  in  cases  of  tumor  of  ponis                 ^^^^H 

Cunningham,  460. 

acusticus.  616.                                             ^^^^H 

Cupola,  the,  36. 

Dniipi,  ttnic  effects  of,  upon  tlie  car,                  ^^^^H 

Cutaneous  diaeaaes  of  Uie  auricle.  187. 

^^^H 

Ciitngno,  38. 

Drum  membrane,  the,  3i.                                      ^^^^H 

Cystoma  of  llic  auricle,  aio. 

cnlcttic  dcpofiiu  in,  385.                                      ^^^^| 

treatment  of,  3IO. 

multiple  incision  of,  491.                                    ^^^^H 

noimol  ajfpcarnnce  of,  93.                                  ^^^^H 

Darwintnn  eoj-.  the,  174, 

reproduction  of.  after  removal,  513.                  ^^^^| 

neaf-mutism,  a-tiology  of,  694, 

Ductus  end  u  lymphatic  us,  38.                                ^^^^H 

\ 
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Due!.  373- 

electrolytic  method  of  dilatation,  373. 
Duration    of    sound    perception    as 
quantitative  test,  145. 

Ear,  anatomy  of,  3. 
arteries  of,  28. 
asymmetry  of,  173. 
blood  supply  of,  28, 
Darwinian,  174. 
effect  of  hysteria  upon,  685. 
of  neurasthenia  upon,  682. 
of    functional    nervous    diseases 
upon,  680. 
functional  examination  of,  143. 
internal,  34, 

involvement  of,  in  acute  infectious 
diseases,  671. 
in  diabetes,  679. 
in  gout  and  rheumatism,  679. 
in  leucsmia,  67  7. 
in  nephritis,  674. 
in  syphilis,  631. 
in  tuberculosis,  676. 
lymphatics  of,  31. 
metastasis  of,  675. 
muscles  of,  26. 
nerves  of,  31. 

physical  examination  of,  73. 
physiology  of,  48. 
"prize-fighters,"  184. 
r^ex  affections  of,  688. 
sympathetic  involvement  of,  639. 
syringe,  234. 

the  influence  of  drugs  upon,  680. 
the  satyr,  17. 
tone  limits  of,  48. 
veins  of,  34. 
Earache,  causes  of,  217,  333,  341. 

treatment  of,  226,  336. 
Ear- trumpet,  715. 
fan,  716, 

London  hearing  horn,  715. 
lorgnette,  716. 
walking-stick,  716. 
Eczema  of  the  auricle,  187, 
necrosis  of  auricle  following,  189. 
treatment  of,  188. 
Eichler,  44. 
Eitelberg,  164,  169. 
Electric  acoumeter,  145. 

bougie  for  dilatation  of  Eustachian 
tube,  373. 
Embolism,     labyrinthine,     629.       See 
Labyrinthine    Eubolism, 
629. 


Emphysema,  foflowing  catheteriza- 
tion, 129. 

Encephaloscope,  the,  589,  590. 

Epidemic  cerebro-spinal  meningitis, 
657.  See  Meningitis,  Efi- 
DEuic,       Labyrinthine      In- 

FIAUUATION  IN,  657. 

influenza,   involvement   c^   internal 
ear  in,  657. 
Epidural  abscess,  583. 
perforation  for  evacuation  of,  583. 
technique  of  operation,  583. 

after-treatment,  584. 
thrombus  in  lateral  sinus  when  in 
floor  of  abscess,  585, 
Epithelioma  of  the  auricle,  213. 
Epitympanic  recess,  the,  13. 

space,  the,  13. 
Erysipelas  of  auricle,  30i. 
Eustachian  canal,  the,  13. 
catarrh,     304.       See     Eustachian 

Tube,  Congestion  op,  304. 
catheter,  107. 
curve  of,  108. 
faudal,  125. 
Noyes',  124. 
tube,  the,  19. 
catheterization  of,  107. 
congestion  of,  304. 
aetiology  of,  304. 
diagnosis  of,  30G. 
functional  examination,  308. 
physical  examination,  306. 
pathology  of,  304, 
prognosis  of,  310. 
symptomatology  of,  305, 
treatment  of,  311. 
astringents,  312,  314. 
bougie.  313. 
inflation,  311. 
naso-pharynx,  314. 
prophylaxis,  316. 
use  of  vapors,  315. 
dilatation  of,  by  electric  bouj;it. 

377. 
effect   of   stenosis   (rf,   on  upper 

tone  limit,  64. 
function  of  muscles  of,  56. 
mucous  membrane  of,  23. 
muscles  of,  28. 

tympanic  opening  of,  13,  99. 
veins  of,  30. 
Ewald,  61. 

Examination  of  ear,  functional,  142. 
physical,  73. 
obstacles  to,  95. 


■ 

iBkauTiaiion  of  eitr,  value  of  auscul- 

Eye, response  of  muscles  by  stimulation 

^^1 

tation  in,  lOj. 

of  semicircular  canals  of,  605, 

^^^^H 

value  of  probe  in,  loo. 

606.  607. 

^^1 

of  mouth,  133. 

vestibular  component  of,  606. 

^^1 

of  nose  and  phajyiuc  133. 

^^1 

of  static  labyrinth,  6ot. 

Facial  artery,  the,  30. 

^^1 

Exduua    of    iatcraal    jugular    vein, 

nerve,  the,  la. 

^H 

statistics  in,  578. 

injory  of,  in  intiatympuiic  opera- 

p^^^^^^H 

BxcisioR  of  portion  of  malleus,  498. 

tions,  524. 

^^^^H 

ExiMtoses   of   external   auditory    me- 

Injury of.  in  mastoid  operations, 

^^^^H 

atus.  385,     See  Meatus,  Ex- 

540. 

^^^^H 

TttUSAL    AL'DITOHV,    EXOSTOSES 

paralysis  of,  as  a  symptom  of  sec- 

^^^^H 

oif,  285. 

ondary    labyrinthine    involve- 

^^^^1 

Exploration  of  corcbeUum,  593,  593. 

ment,  647. 

^^^^1 

of  fcrebnain,  5S6. 

Fallopian  canal,  the,  13,  33. 

^^^^1 

Exploratary  myringotomy,  489. 

Fan,  ear-trumpet  in  shape  of,  716. 

^^^^1 

External    audilory    meatus,    absence 

Patieuc  of  auditory  nerve,  70,  164. 

^^^^H 

of.  176. 

Pciiestra  ovalts,  die,  12. 

^^^^1 

COEgenital  occlusion  of,  176. 

niche  of,  12. 

^^^^H 

treatment  of,  iSi. 

Fenestra  rotunda,  the,  ta. 

^^^^H 

diseases  of,  217. 

Fibroma  of  the  auricle,  S06. 

^^^^1 

examination  of,  88. 

Field  of  middle-car  operations,  prep- 

^^^H 

function  of,  50. 

aration  of,  483. 

^^^^H 

fundamental  note  d,  51. 

Fischenisch,  211. 

^^^^H 

malienant  tumon  of,  313. 

Fissiira  intertrriKica,  the,  5. 

^^^^M 

ear,  the,  4.. 

Fissure,  tlic  Glascrian,  9. 

^^^^H 

Ii|;ament  of  tlie  mullcus,  18. 

the  Rivinian,  92. 

^^^^1 

otitis,   acute  cipmmscribed,  S17. 

Fistula  congenita  auris,  179. 

^^^^H 

See    Orrna,    Acute    Ctucim- 

Flap  formation  in  radical  operation  for 

^^^H 

m:kiuki>  KxTBRNAi.,  317. 

chronic  otorrhwa,  552. 

^^^1 

otitis,  harmorrbaL'ic,  363. 

FlcScb,  303. 

^H 

Extnidurd  abscess,  471. 

Fluid  in  tym[KUium,  signs  of,  365. 

^1 

location  of.  471. 

Folds  of  Che  mcmbrana  tympani,  91. 

^1 

prognosis  of,  473. 

Foreign  bodies  in  tlie  ear,  379. 

^1 

statistics  of.  473. 

Fose».  glcntnd,  9. 

^1 

symptomatology  of,  471. 

of  the  helix,  5, 

^1 

treatment  of,  473. 

Rosenmullcr's,  138. 

^1 

Eye,  adduction  of  left,  605. 

tlic  juirular,  13. 

^^^H 

adiluctiim  of  richt,  605. 

the  middle  cranial,  446. 

^^^^H 

deviation  of,  60s. 

Fractun:  of  base  of  bIcuU,  rupture  of 

^^^^H 

experiments  of  Hoyge*,  Von  Stein, 

membrana  tympani  in,  39a. 

^^^^1 

Neumann  on,  605. 

Frank,  lao. 

^^^^H 

motion  by  stimulation  of  semidr- 

Free  exposure  of  dura  in  nuningitis, 

^H 

cular  ampulLe  of,  604. 

580- 

^^^H 

DystDgmus  of,  695. 

Frej-,  543- 

^^^^H 

«]>pAratus  for  experiments  int  609. 

Funclional  examination,  142,  6ot. 

^^^^H 

otnudous  subjccc  in,  605. 

instruments  for,  148, 601. 

^^^^H 

cerebnil  phaac  of,  606. 

nervous  disorders,  auditory  d)8turl> 

^^^^H 

direction  of.  607. 

anccs  in,  680. 

^^^^H 

duration  of,  607. 

technique  of,  155,601. 

^^^^1 

experiments  in,  604,  60s,  ^o&i  *07, 

value  of,  in  diSorential  diagnosis, 

^H 

60.8,  609. 

iSi|6oi. 

^1 

^      quidc  component  of,  606. 

Pundomcnlol  note  of  sounding  body. 

t<  ■    'by  quick  (notion  to  risht,  to  left, 

the,  49. 

606. 

Punuiclc.   317.     See   Otitis.   Acutk 

by  rotation  of  body.  605, 6a^  607. 

ClXCUMSCUHBO  EXTEKNAL,  3I7. 
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Gad,  51,  54,  65. 
Oalton  whistle,  th<,  149, 

mcthixl  of  usins,  159, 

moilificatioii  of,  15G. 

physics  of,  149. 

value  of  gnuhiatinns  of,  149- 
Galvaoic  nactitm  of  auditory  iwrve. 
16?. 

tests,  determining  lesions  of  auditory 
ntrve  trunk  by,  614,  615. 

ID  cases  of  poms  aoistica,  6i6. 
Oonglioo.  Mn^cl's,  }2. 

otic,  31.  3a- 
Gangrene  of  autide,  305. 
Gellf;.  69.  163. 

General   nervous  diseases,   effect  of, 
upon    perceptive    mechiuiisin, 
666. 
Geniculate  canglion,  inllatnmaiion  of, 

I'M. 
CJerlach.  34. 

(iUiuIk  of  tlic  auricle,  3$. 
Clascrian  fiKsure,  the,  9. 
Glenoid  foaa,  the,  9. 
Glooso-pharyiigcai  nerve,  the,  31. 

tympanic  liianch  <4,  31. 
Gout,  aural  complications  in,  67Q. 
GnulcniKO.    U.    146,    160,    164.    165. 

678- 
Granulation  tissue,  removal  of,  416. 
Green,  194,  493. 
Gnibcr,  131.  230,  365,  491,  493. 
Grucninc,  lot,  463. 
Gnincrt.  4a  i. 

llabcrman,  3o6. 
Hficniatoma  auria,  303. 

of  auride,  1W4. 
Haemorrhage,  labyrinthine,  626.     See 

LAUYXlKTUtNB       H^UOkHUAGE, 

626. 

Homorrhagic  external  otitis,  265. 

TIair  cells,  the,  3Q,  43. 

Hamular  process,  the,  36, 

Hnrrtwmicji,  49. 

Hartmann,  108,  157,  an,  260,  493. 

HarLntiinn's  iicries  of  tuning  forks,  15$. 

tenotome,  495. 
Dasslaitcr,  300, 
Haug.  207. 

Hcail  mirror,  the,  80,  Bi. 
UcarinK,  artificial  aids  to,  715. 
HearinR-hom.  London,  715. 
Hearing,  qualitative  tests  of,  148,  153. 

quantitative  t«W  of,  I43,  145,  155. 

value  of  whisper  io,  144. 


Helicotrema,  36. 
Hdix,  the,  4. 

anomalies  of.  1 74. 

sptne  of,  5. 
Hdmholti.  18,  53. 
Hensd,  canal  of,  37. 
Herpes  of  auride,  193. 

treatment,  194. 
History,  sdieme  of,  139. 
Honamd,  39a 
Horizontal  scmidrcul&r  canal,  the.  If. 
Hoygca,  604. 
Hunt,  J.  Ramsey,  syndrome  ol,  194- 
"Hutchirjon  locth."  6j3, 
Hypenemia   of  labyrinth.    6»i.     See 

LADYRIVTH,      HYP8R.CinA      Of, 
633. 

Hypericsthesta  acustico,  71. 
Hypertrophic  ridnitis,  70a 

signs  of,  135. 
Hypertrophy  of  third  tonsil,  709. 

Irealnient  of,  711. 
HyOl,  492. 

Hysteria,  disturbance  cf  audition 
685. 

diagnosis  of,  6ft6. 

prognosis  of,  687. 

syinptomatiJoKy  of,  685. 

treatment  of,  687. 


ptm- 


Ice-coil,  in  tr«itinent  of  acute 
lent  otitis  media,  351. 
in  treatment  of  mastoiditis,  460. 

statistics  of,  461. 
in  treatment  of  c»tittt  media  pnm- 
lenta  residua,  432. 
Illumination,  method  of,  76. 
Impnirment  of  hearing,  616. 
Incision  of  membrana  1>-Tnpani,  3241 

337.  350.  375.  486.  488. 
in  mastoiditis,  461. 
iif  [KKtlenor  fold,  493. 
Indsiirps  of  Santorini,  the.  7- 
Incudo- stapedial     articulation,     pan- 
Itnn  of.  97. 
joint,  disarticulation  of,  498,  504. 
iiKament,  the,  19. 
Incus,  the,  17- 
tlivision  of  long  process  of.  498. 
frequency  of  caries  of,  in  niddlccBr 

suppuration,  533. 
ItKainenls  of.  18. 
plastic    operation    for    purpose 
uniting  to  membrana 
directly,  500. 
nsnoval  oi,  503,  $06, 
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InfccticiR.    b«ctcriologica],    in    mtra- 

Intratyinpanic  folds,  25.                                            ^^| 

tympanic    infiammuiun,    joo, 

ligimicnu.  the.  17.                                                  ^^M 

301. 

anomalies  in  tension  of,  367.                              ^^M 

Infectious  dJMeses,  actite,  aural  com- 

muscles,  the.  37.                                                     ^H 

Iiliculions  in,  A71. 

prc«iiTC.  itiflv«oc«  of,  OD  labyrinth,                      ^H 

■Ivwneui,    itirtHOTicp   of    severily    of, 

^M 

upon  aural  contplicatiotiii.  672. 

Introfluction  of  Kuslachian  catbetcr,                      ^^M 

InOoinmntion,  intra  tympanic,  .100. 

technique  of,  in,                                           ^^^^| 

bdcKholoKicsI  iiifvTiiun  in.  300,  301. 

m^^^U 

oi  labyrintii,  sco'inlnry,  635.     Sec 

Jacobs,  557-                                                         ^^^| 

Ladvkintu,     Secoxdarv     Is- 

Jankau.  166,  167.                                                ^^^^1 

FLAMMATFON  OP,  635. 

Janten.  554.  ^^j.                                                     ^^^M 

nf  Ihc  maBtoitl  pronss,  449. 

Jugular  fossa,  the,  13.                                        ^^^^H 

Inflomttutary  «ffecrinn<  of  the  auh- 

Juj[ular  vein,  statiKticH  following  ex-               ^^^^H 

dc,  aoo. 

cisioD  of,  470,  5;8.                                   ^^^^| 

InnalioB,  method*  of,  toj. 

JonkcQ,  209.                                                       ^^^^1 

laflucostt,  epidemic,  effect  of.  on  per- 

^^^^^^M 

ceptive  apparatus,  557. 

Kaiser.  39^                                                           ^^^B 

InfunElitniltim,  the,  36. 

Kats,  43.                                                              ^^^^H 

Injuries  of  the  merabrana  tympani. 

K«53et.  115.  501,  510.                                          ^^^^1 

391. 

Kipp,  307,  309.                                                   ^^^^1 

Injury  ^  facial  nerve  in  mastoid  op- 

Knapp, 400, 473.                                                 ^^^^| 

eration,  540. 

Koch,  476.                                                           ^^^^1 

Inner  tyuipnnic  ball,  the,  12. 

Kocnig's  rods,  tsa                                              ^^^^^ 

plane  of,  13. 

KOnier.  445,  476.  478,  553.                                      ^^^H 

Insimmcnis  for  functional  examina- 

KoseEBrti-T). 395.                                                          ^^^H 

tion.  t48. 

Kramer.  09.  isj.                                                        ^H 

prcTiaraliun  trf,  for  operations.  138. 

Krctn-'hmann,  533,  557.                                                    ^M 

Intorfcrenco  otoscope,  163. 

K  lister,  546.                                                                        ^M 

Interna]  carotid  iirtcr>'.  the,  13,  30. 

^1 

Interna]  car,  the,  34. 

Labyrinth,    acute    inflammation    of,                       ^M 

involvement  nf.  in  acute  infcctiouit 

aeionrlary  to  acute  or  chrunic                       "^M 

^^^              (liM^scs.  654.    See  Petcei'TivE 

purulent  otitis  media.  £46.                               ^M 

^^H              Meciianisu.  Ikvolveukst  ov. 

jctiology  of.  64A.                                                        ^1 

^^H             iM    Aciirs    iMTBcnous    Dik- 

diagnosis  of,  64H.                                             ^M 

^^P                    EASES.  654. 

functional  exaniination,  649.                            ^M 

involvement  of,  in  diphthcHa,  656. 

ph>i)ca]  examination,  650.                               ^H 

involvement  ol,   in   cpidwmc  ioiiu- 

pathology  of,  646.                                               ^H 

cnwi,  657. 

prognoHia  of.  651^                                         ^^^^| 

involvement  of,  in  paroiiiliiis.  656. 

symptomatolofy  of.  £47.                             ^^^^H 

involvement    of,    in    typhoid     and 

facial  paralysis  in,  6148.                               ^^^^| 

typhws  fever,  656, 

Inatroent  of,  650.                                        ^^^^H 

lyphilis  of,  631.     See   Ladvhivth, 

anmnia  of.  619.                                               ^^^^^ 

Smcipic  Implauuation  op,  631. 

ntiology  of,  619.                                          ^^^^1 

Internal  jupilur  vein,  the,  13. 

diagnosis  of.  610,                                         ^^^^^ 

nuixillur^-  artery,  19- 

functional  Gxanitnaticn,  620.                    ^^^^^ 

Intcroasiddar  Ugamonts,  the.  19. 

physical  examination,  fao.                      ^^^^M 

Inlertfito  of  auricle.  187. 

prognosis  of,  63a                                         ^^^^^^ 

Intncranial  oomplications  of  middle- 

s)'niptoniataloto'  of,  619.                             ^^^^^ 

ear  suppuration,  treaunent  of. 

treatment  of,  610.                                    ■    ^^^^^ 

5fi9- 

anatomy  of,  34,  37.                                         ^^^^| 

lesioo,  tocAliuktton  by  tects  of  hori- 

blood  supply  of,  44.                                        ^^^^H 

caloric  t««t  of,  6t  j.                                          ^^^^| 

preaencc  of  nyslaemua  is.  614- 

concussion  of,  72.                                            ^^^H 

of  tympanic  ioftanunaLion,  463. 

effect  of  incrtasod   tenaion  of,  00               ^^^^| 

Intra  tympanic  adhoBona.  signs  of,  95. 1            sound  pCTxrrjition,  63.                               ^^^^H 

^^^^^^^T^^^^^^^^^^^^i^m^^^^^^^^^^^^^^M 

^^^^^H               Labyrinth,  dTect  of  mMrlI&-ear  dunces 

Labyrinth,  static,  dJseased,  610,  fill. 

^^^^^^^^                  upon,  6) 

nystagmus  in,  611. 

^^^^^^^K          hyperatnia  ef,  632. 

duration  of,  611. 

^^^^^^^B              {etiology  of,  633. 

sympt<xins  of,  611. 

^^^^^^^V               diagaoeis  of,  &3j. 

tests  of,  6it,  6t3. 

^^^^^^^^L                  functttmal  cxaintnittinn,  fizj. 

Baran>'.  613. 

^^^^^^^H                 phyrical  cxAmination,  633. 

caloric,  fill. 

^^^^^^^H              pathology  ot.  ^y 

double  caloric  lest  for  determanB 

^^^^^^^^M              prognosis  of,  G24. 

imtnbiitly,  A14.                    ^^^H 

^^^^^^^H             ^mptomatoloEir  of,  633 

examination  of,  6ot.                ^^^| 

^^^^^^^H                 vortjgo  in. 

testa                                            ^^^1 

^^^^^^^H             tre&tmont  of.  6^4. 

syphilis  of,  ^n.                         ^^^M 

^^^^^^^H          pfaydoloey  of,  S7- 

the  bony,  34.                                     V 

Ute  membranous,  37.                          V 
Labyrintbine    capsule,    rarefying    0^ 

^^^^^^^^B                 ing  chnmic  middlc-car  {nilaiii- 

^^^^^^^^P                 matinn. 

teiltn  of,  in  Mmtclernas,  383. 

^^^^^^^^F               diagnosis  of,  640. 

LabyTTothtnc   embolism    and    throm- 

^^^^^^^K:                  functional  cxsmination  of, 

bojus.639. 

^^^^B 

Ktioi'wy  of,  639. 

pathology  of,  irn).                             1 

^^^^^^^^H                 galvftnic   reaction  of   auditory 

^^^^^^^^M 

[iroenosis  of,  630.                            M 

^^^^^^^^P                 physical  examination,  G40. 

symptomatology  of,  629.        ^^H 

^^^^^^^^M               paUioluHT  of. 

treatment  nf,  630.                     ^^^| 

^^^^^^^^H                prrmti'jsis  iif.  1^7. 

haemorrhage.  636.                       ^^^H 

^^^^^^^^P              sympathetic  involv«inent  of  o(>- 

letiolog}'  of,  636.                       ^^^^ 

^^^^^^^H                   posite  car,  639. 

diagnosis  of.  637.                    ^^^| 

^^^^^^^^H               ejrmptoiratology  nf,  €  • 

patholog}-  of.  636.                   ^^^1 

^^^^^^^^B                   influmcv  u[  concjitiun  <A  upper 

prognosb  of,  628.                    ^^^| 

^^^^^^^B                    air  pctfisi^cs. 

symptomatology  of,  627,                V 

^^^^^^^^B              treatment  of,  643. 

trtatmcnt  nf,  63H.                          ^ 

^                        Rtr  pwtsajtes  in,  643. 

salviirstn  in,  633. 

^^^^^P                          middle  far,  643. 

suppuration,  (^6.     See  I^nininmi, 

^                                 torpidity  of  nerve,  644. 

Acirrn:  Ikflamuation  op.          J 

^^m                             specific  inllAmmfttion  of,  631. 

ayphilia,  631.                                ^^B 

^^M                                 jetiulob-y  of,  631. 

tension,  varittlioM  io,  69.           ^^^M 

^^f                               colloidal  gold  test  in,  633. 

trditmunt  of,  63^                        ^^^| 

f                                    diagnosis  of,  632, 

vertigo  in,  633.                          ^^^H 

fuiicLioTud  examinatinn,  A32. 

LaKvna,  the,  jS.                            ^^^f 

physical  cxatninatitm,  633. 

Laminx  spiralis,  35. 

examimatioa  of  spinal   fluid  in. 

membranacea,  36. 

633- 

ossca.  36. 

Noguchi  test  in,  63a. 

Latoral  sinus.  445. 

patholojiy  of,  63,1. 

Anonvilii's  to  pocitioo  oft  445. 

prognosis  of,  633. 

ligature  of.  594. 

sympuimatology  of,  S31. 

thramtxsia    uf.    466^      Sec    Sism 

treatment  fif,  633. 

TUROMDUSn,  466. 

Wasssnnnnfi  test  in,  633. 

treatment  of,  571. 

static,  fiio. 

wounds  of.  536,  558. 

absolute  or  partial  destruction  ol, 

Leiter's  ooil,  339. 

1                                                   6'4- 

in  acute  purulent  otitis  modiSi  Ut. 

1                                           method  of  determining  by  pro- 

Lenticular  process,  the,  17. 

dudiig  nyKla^muti,  614. 

LottCTS.  logographtc  value  of,  (44. 

1                                      coniiKnsAliun  of,  611,  613. 

Ixnictmia,  nural  involvement  in,  677- 

f                                  dead.  611. 

Levator  palati  muscle,  the,  38. 

degree  of   irritahility   lo   caloric 

Ligament,  anterior,  (tf  the    ohUmu, 

stimulation,  613. 

1^ 

18. 

^^^^^^^^^^^Hj^^^  intiiiii      ^^^^Kf^^  727^^^^^H 

Ligament,  citemal,  of  t!ie  mnJlcus.  l8. 

Tifarinn.  3t)8.                                                               ^^M 

incu'lo-KtaiictlLi],  19. 

Massage,  vitn-atoiy.  301.                                                 ^^M 

mAllra-incuiial,  19. 

M.-uilcii'l  antniin.  443,  443.                                              ^^M 

of  the  incus,  the  porterior,  18. 

pisiti'm  of.  443.  448.                                                ^^M 

posl«rkir,  nf  thr  mnnctis,  18. 

relation  of.  to  intracranial  simc-                       ^H 

otapwOio-vcatilnilar,  iq. 

tiiriM,  444.                                                               ^M 

suptriur,  oi  Llic  itinll4.-ua„  18. 

cvR'litiun  in  infancy,  447.                                       ^^M 

Ligaments  of  the  incus,  t6. 

determination  of    tcndcnicse  oveti               ^^^^M 

of  lljc  niulleus,  17. 

^^^M 

of  ttic  SUjlW,  19- 

diploir,  443.                                                            ^^^H 

the  mterosstcular.*  iq. 

inflammation  of  (mastoiditis),  449.                 ^^^^1 

the  mtr.itvmpnntc,  17. 

aiciolof^  nf,  449.                                               ^^^^H 

Lignturc  of  Inteffil  sinus,  J94. 

inflijctit^    of    diatfaetie    condi-               ^^^^H 

Light  reflex,  the,  91. 

tknu,  459-                                              ^^^^M 

sources  of,  7&. 

diagnods  of,  455.                                         ^^^^H 

L![»3ma  nf  the  auriclct  207> 

aaiopng  nf  lantil  waU,  45.                        ^^^^H 

Lobule,  the.  6. 

tenderness  on  prtvsiirr.  45s.                     ^^^^H 

anomalies  of,  174. 

variations  in  temperature,  453.               ^^^^| 

Chicdatint;  of,  204. 

imthotogy  f^,  449.                                         ^^^^H 

tiiiTH>re  of.  208. 

infection  of  lateral  linus,  451.                   ^^^^H 

iMtwevibtTX,  119,  218, 

inleeiion     through     sc[uamoiis               ^^^^H 

Logograpliic  value  of  coiifionants,  H^. 

^^^^1 

Luiuluii  h  caring- hwn,  715. 

pcrfnnitit>n    into    digastric    fossa,                ^^^^H 

Lonsnettc,  cjirln»ni(K-t,  716. 

457.                                        ^^^H 

Lucae.  no.  147. 153. 165. 391, 393, 5w. 

perforation  into  posterinr  cranial                      ^H 

^_        proxure  kuuikI  nf,  391. 

(>j»si,  45a                                                          ^H 

^^B    Lucsv's  method    of   appl^^ing   passive 

perforation  throoRh  corteK,  450.                           ^H 

^^V               motion  to  ossicul&r  chtiin,  yti , 

perforation      through      roof      ri                          ^H 

r                     39a. 

tympanum,  450.                                           ^H 

I           LudeviR,  4*1.  422.  523.  533. 

inrognaais  of,  438.                                         ^^^^M 

1            Lumliiir  fJijm-lurc,  5S1,  582.  583. 

symptomatology  of,  452.                             ^^^^H 

1               curative  vbJkc  nf.  in  meningitis,  585, 

intracranial  involvement.  433.                  ^^^^H 

1            LuiiuH  of  the  aiirtc]«,  19;,  19B. 

treatment  of,  459.                                        ^^^^H 

■            LuEtn'  of  nKYntirani  Lympani,  91. 

abortive  measures,  459,  460.                    ^^^^B 

Lymphatics  of  the  «ir,  31, 

importanre    of    ffe«    <I  rain  age                        ^^| 

thTt>ue:h  meatus,  439.                             ^^^^^ 

McBridc,  175. 

local  application  t^  cold,  460.                    ^^^^| 

Miiccn'eii,  466,  476,  478. 

operation,  461.  462.                                      ^^^H 

Mscnla  acuscicD,  39. 

statistics  of  abortive  trcaUiient,               ^^^^M 

cribrosa,  44. 

^^^^M 

Malfuirnation  of  the  auricle.  176. 

staxistics    of    operative    treat-                      ^^M 

Malformations  of  the  car,  Irentniait 

m«nt,  459.                                                      H 

rf.  17?- 

value  of  rndiogruplu  in,  438.                               ^H 

Malitfnant  tumors  of  Uee  aurid«,  213. 

intenuU  surface  ai,  445.                                           ^H 

Maltca-iiKudal   articulation,   function 

load  necrosis  of,  450.                                          ^H 

of.  .13:  ligament,  the,  19. 

operation,  332.                                           ^^^^^^| 

Mallciis.  the.  14. 

oradenu  in,  536.  538.                           ^^^^^^| 

anterior  h'gament  of,  18. 

ttftcr-tTcatmeni,                                     ^^^^^^| 

dfvinoR  of  anterior  ligament,  495. 

dreoiDg  afUT,                                     ^^^^^^| 

excision  of  pi^rtion  of.  49S. 

exposure  of  dura  in,  538.                      ^^^^^^| 

cjitemaJ  ligamMt  of,  18. 

facial  nerve,  injury  to,  540.                        ^^^^H 

ligaments  of  the,  17. 

Prey's  method  of  paraflin  injec-               ^^^^| 

posterity  lifiamcnl  of.  18. 

Si$-                                                  ^^^M 

superior  ligament  of,  18. 

rnstntmrnts  for,  sit-                                   ^^^^| 

Malposition  of  aurkip,  1  j6. 

Moseti^-Muorhdf'K,  549.                                  ^^^^H 

Mantihriura  niatlei,  |M«itir»)  cf,  90. 

paraflin  injection,  543.    ,                             ^^^^| 
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Mastoid  operation,  permanent  opening 
behind  the  ear,  541. 
removal  of  softened  bone,  535. 
technique  of,  533. 
Trautmann's,  541. 
treatment  of  mastoid  wound,  536. 
variations  of  technique  according 

to  the  age  of  patient,  538, 
wounds  of  dura  in,  538. 
pneumatic,  442. 
portion  of  temporal  bone;  II. 
process,  anatomy  of,  443. 
internal  surface,  445. 
oedema  over,  from  circumscribed 
external  otitis,  234. 
sclerotic,  442,  443,  450. 
squamous  suture,  the,  9,  11. 
topography  of,  444. 
Maxillary  artery,  the  internal,  29, 
Meatus,  bony,  9,  11. 
development  of,  7. 
cartilaginous,  6. 

external   auditory,   epithelioma  of, 
213. 
exostoses  of,  285. 
EEtiology  of,  285. 
diagnosis  of,  286. 
pathology  of,  285. 
prognosis  of,  287. 
symptomatology  of,  286. 
treatment  of,  288. 
foreign  bodies  in,  279. 
diagnosis  of,  281. 
pathology  of,  279. 
prognosis  of,  281. 
removal  of,  by  posterior  inci- 
sion, 283. 
symptomatology  of,  28b, 
treatment  of,  282. 
sarcoma  of,  216. 
Mechanism,  the  perceptive,  33. 
diagnosis  of  diseases  of,  155. 
Meckel's  ganglion,  32, 
Membrana  basilaris,  the,  37. 
epithelium  of,  41. 
function  of,  59. 
flaccida,  the,  23. 
limitans.  the,  40. 
reticularis,  the,  43. 
tcctoria,  the,  43, 
tympani,  the.  21. 

characteristics  of,  92. 

color  of,  92, 

determination  of  presence  <rf,  89, 

folds  of,  91. 

function  of,  51,^ 


Membrana  tympani,  the,  incision  at, 

325,  486,  488. 
lustre  of,  92. 

multiple  incision  of,  491. 
physical  examination  of,  73. 

landmarks  in,  90. 
pockets  of,  24. 
position  of,  93. 

in  infancy,  94, 
quadrants  of,  97. 
relaxation  of,  366, 
reproduction   of,    after    removal, 

513- 
rupture  of,  292. 

by  inflation,  13a 
s^^ments  of,  91. 
signs  of  retraction  of,  94. 
structure  of,  93. 
use  of  artificial  drum  membrane, 

440. 
wounds  and  injuries  of,  291. 
(etiology  of,  291. 
diagnosis  of,  293. 
patholc^y  of,  291. 
prognosis  of,  294. 
symptomatology  of,  292, 
treatment  d,  294. 
Membrane,  basilar,  epithelium  erf,  41. 
of  Corti,  43. 
of  Reissner,  37. 
Shrapnell's,  92. 
Membranous  cochlea,  the,  40. 

labyrinth,  the,  37. 
Meningitis,  acute,  involvement  of  per- 
ceptive mechanism  in,  661. 
diagnosis  of,  663. 

functional  examination,  663. 
pathology  of,  661. 
prognosis  of,  664. 
symptomatology  of,  661, 
treatment  of,  664. 
epidemic     cerebro-spinal,     laby- 
rinthine inflammation  in,  657. 
diagnosis  of ,  659. 
functional  examination,  659. 
physical  examination,  659. 
pathology  of,  657. 
prognosis  of,  659. 
symptomatology  of,  658. 
treatment  of,  660. 
Meningitis,  otitic,  463. 
diagnosis  of,  465. 

dioked  disk,  465. 
drainage  at  internal  meatus  in,  581. 
c^>erative  procedures  for  relid  of, 
579- 
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Mii](Ile-car    oporations,    KLitiKtinu    of                       ^^M 

ll«f  o(,  evacuation  of  ventricular 

aiithoir'8  caace,  513,  537,  539,                    ^H 

HukI,  5H0,  5N1. 

^H 

cxi^oaurc  and  inciaion  of  ilunti  580. 

gupiniratJoa,  in  division  of  adhceions                      ^^M 

himliiir  pimcmrc,  581. 

^H 

as  a  mcnnvi  of  disgnosU,  583. 

intracranial   complications,  treat-                      ^H 

M  a  therapeutic  measure,  5H3. 

nient  of,  5154.                                                     ^^M 

pressure  of  spiiial  fluid  incrcastxl  in, 

rnilical  o[)cratioti  for,  5^5.                                    ^^M 

583- 

sinus  tiirombous  in,  571.                                         ^^M 

prognoKts  of,  466. 

vertigo,  383.                                                         ^^^H 

pumlcnl.  583. 

Miot,  500.                                                              ^^^^1 

serous  moiinEitis.  463,  464,  465. 

Mimir,                                                                          ^^^H 

flyroptomBtolDgy  of.  464. 

Mobility  of  mcmbrana  tympani  and                 ^^^^| 

chiikci!  ilisk,  4f)6. 

oiuidet,  deteimjnation  of,  100.                  ^^^^| 

trpaimcnt  of,  466. 

Mobilization  of  stapes,  498.                                  ^^^^H 

internal  merficaiion.  466, 

Modioluii,  th«,  35.                                                      ^^^^H 

siirgicji]  mcnstirr^,  4WJ. 

craitrnl  c^rial  of,  36.                                               ^^^^^| 

valucy(frwexix«un.'L>fduraiii,  580. 

spin.iJ  canal  of.  36.                                                ^^^^H 

McUiitatic  uurul  invjlvcmcnt,  675. 

Mouth,  cxnmiriAtion  of,  133.                                ^^^^H 

^^  Mctlifjila  of  catheterization,  II9-131. 

Moactig-Moorhof,  542,                                              ^^^^| 

^H  Mo'cr,  713. 

Mosclix-Moorhof's      upcmtion       for                ^^^^^ 

^^V  Microtia.  176. 

cloMire  of  opening  behind  the                ^^^^M 

W            treatment  of,  177, 

ear.  543.                                                  ^^^H 

1           Mildlt  cniniiil  fossa,  446, 

Mucous  mcmbmne,  of  tho  Eustachian                ^^^^| 

1             .iccidontal  oponing;  of,  33S. 

33-                                                     ^^^1 

^^^  '.  ItJdlc  car,  acute  catarrhal  inflttmtiu- 

of  tlic  tympanum,  33.                                       ^^^^H 

^^K            tion  of,  isj.    Sec  Otitis  Mbdia, 

of  the  tympanum,  rcJuplicationii  of,                ^^^^H 

^^^P                  AclITTi  CATARRRAt.,  337. 

^^H 

W            BCtitc    iJiiruli-nt    infiammation    of. 

Multiple  incision  of  mcmbrana  tym-                 ^^^H 

■                    341.    See  OTins  MEt^iA,  AcuTH 

poni.  491.                                                     ^^H 

1                          PURULBNT,  ^41. 

MuiiL[)R,  aural  com  plications  in,  654.                      ^^^^| 

1             chronic  catarrhal  infla.ininati'on   of. 

Muscle,  the  levator  palati,  3ft.                               ^^^H 

1                     357.        Sec      On-ns      MsniA, 

the  pelro-Hilpingo-«tttpby]inus,  38.                           ^^M 

T                   Chhomc  Catakkual,  357. 

the  »]pingD-pharyngeufl,  38.                             ^^^^| 

chronic       purulent       innummiitidn 

the  ap1ieii;)-»a][>inj:i>-»taphylinus,  28.                  ^^^^H 

nf,   397,     Sec   Otitis   Mkuia, 

the  stappJius,  38.                                              ^^^^H 

Chromic  Purulbjit.  397. 

the  tensor  palati,  38.                                         ^^^^H 

(Ib«asut  of,  397- 

the  tcDKijr  lymjuini,  13,  37.                                  ^^^^H 

bacteriological  inTection  in,  jcx), 

Muscles  of  the  cor,  36.                                         ^^^^H 

301. 

of  tile  Eustachian  tube,  98.                              ^^^^| 

claMiScation  of,  397. 

of  the  cyc^  604.                                                        ^^M 

inflammation  of,   iiitracraiual  com- 

respooses of,  60^.                                                      ^M 

plications  of,  463. 

caused  by  rotation  of  body,  605.                           ^H 

mirgcry  of.  4.8 1 . 

cauaed  by  iilinmlatiun  of  lemidr^                  ^^^H 

Midd]»«ar  operation*.  481. 

cular  ciinnls,  605,  606,  607.                       ^^^^| 

odhcsioRE,  division  of,  496,  497. 

tho  intra  tympanic.  37.                                          ^^^^H 

oiutftheaia  in,  4K4. 

function  of,  55.                                              ^^^^H 

clarification  of,  485. 

Musmilar  nenfi^,  tl^  61.                                            ^^^^H 

involving  ihc  intmtympanlc  soft 

Musical  notcii,  perception  of,  60                                     ^^| 

ports,  485. 

M>Tinitotoiiiy,  486.                                                ^^^^B 

involving  the  mcmbmno  tympani 

exploratory,  489.                                                     ^^^^| 

oliine,  485- 

partial,  490.                                                       ^^^^| 

involving  the  ouiailer  chain,  486. 

^^^^B 

ttuttnimenui,  4S1. 

Nasal  cavity,  method  of  caamining,                 ^^^^| 

poditton  of  patient,  485. 

^^H 

pnpanition  of  field  o(  operation,  483. 

septum,  deformities  of,  704.                                 ^^^^H 
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Naao-pharyngeal  catarrh,  713. 
Naso- pharyngitis,  chronic,  713. 
Naso-pharynx,  diseases  of,  698. 

examination  of,  132, 
Necrosis  of  auricle  from  eczema,  189. 
Nephritis,  aural  aSections  in,  674. 
Nerve,  the  auditory,  45,  47. 
distribution  of,  604. 
fatigue  of,  164, 
galvanic  reaction  of,  167. 
loss  of  fimction  of,  fnun  disuse, 

181. 
overstimulation  of,  70. 
torpidity  of,  644. 

deafness,  597, 

the  chorda  tympani,  3a. 

the  cochlear,  45. 

the  vestibular,  46. 

the  Vidian,  32. 
Nerves  of  the  ear,  31. 

auricularis  magnus,  the,  31. 

auriculo- temporal,  the,  31, 

cervical  plexus,  the,  31. 

cochlear,  45. 

facial,  31. 

glosso-pharyngeal,  the,  31. 

occipitalis  minor,  the,  31. 

otic  ganglion,  the,  31. 

petrosal,  the,  32. 

pneumogastric,  the,  31.  . 

trigeminus,  the,  31. 

vestibular,  46. 

Vidian,  32. 
Neurasthenia,  impairment  of  audition 
in,  682. 

diagnosis  of,  683. 

prognosis  of,  685. 

treatment  of,  685. 
Neumann,  604,  605. 
Niche  of  fenestra  rotunda,  12. 

the  Rivinian,  22. 
Nitrous  oxide,  use  of,  234,  260,  326, 

336.  349- 
Nose   and    naso-pharyns,    method   of 
examining,  132,  135. 
diseases  of,  698. 
Noyes'  Eustachian  catheter,  124, 
Nuclei,  basal,  610, 
Nuel's  spa£e,  42. 
Nucleus,  Betchcrew's,  604. 
Dciters',  604. 
dorsal,  604, 
Nystagmus,  apparatus  for  experiments 
in,  609. 
Barany,  612, 
conscious  subject  in,  605. 


Nystagmus,  cerebral  [diase  of,  606. 
direction  of,  607. 
duration  of,  607, 
experiments  in,  604,  605,  606,  607, 

608,  609. 
produced  by  galvanic  current,  615. 
produced  by  quick  motion  to  right, 

to  left,  606. 
produced  by  rotation  of  body,  605, 

606,  607. 
spontaneous,  61 1,  613. 
in  static  labyrinth,  61 1,  614. 
vestibular  component  of,  606. 


Obstacles  to  catheterization,  laa. 

to  otoscopy,  95. 
Occipital  artery,  the,  39. 
Okada,  400. 
Ohver,  68. 

Operation  for  excision  of  oGsicles  and 
curettement  of  the  tympanum, 
421. 
author's  statistics  of,  421. 
Grunert's  statistics  of,  421. 
Lude wig's  statistics  of,  421. 
mastoid,  532.    See  Mastoid  Ofbr- 

ATION,  532. 

Stacke's,  525. 
Stacke-Schwartze's,  547. 
middle-ear,  481. 
classification  of,  485.     See  Mid- 
dle-ear Opekatioms,  485. 
Mosetig-Moorhof's,  542. 
plastic,  for  uniting  incus  or  stapes 
to  the  membrana  tympani  di- 
rectly, 500. 
radical,  for  chronic  otorrbcea,  546. 
Trautm^m's,  541. 
upon  ossicles,  498. 
Opiates,  use  of,  in  otalgia,  336. 
Os  orbiculare,  17. 
Osseous  meatus,  the,  7. 

development  of,  7. 
Ossicles,  the,  14. 
development  of,  14. 
leverlike  action  of,  53. 
operations  upon,  498. 
removal  of,  501. 
technique  of,  502. 
in  middle-ear  suppuration,  516. 
Ossicular  chain,  function  c^,  52, 
Ossiculectomy,  501. 
after-treatment,  511,  539. 
author's  statistics  at   after-results, 
5". 


^^^^^^^^^^^^^                 INDEX                 ^^^^^^^^^^^^^^^H 

V            ^Aftculoctomy,    luithor's    itatirtics    in 

Oti  ta,circiiinueript«  q'wpl«niat!oa,3>3.                   ^H 

B                           non-purulent  otitU,  53q.  5 ju.- 

diffusa  cbronicB,  338.    See  Otitis,                   ^^M 

m                    in  purulent  olitis,  537.  $$0. 

Cawastc  Diffuse  Extebkai,,                  ^H 

L carious  incMS,  523. 

_■ 

^^^             suthor'e  statistics  of.  results  in. 

external,  croupous  and  diphtberitic,            ^^^^| 

^H    ,                   $33- 

^^^M 

W               Sehrocdcr's  statistics,  537. 

treatment  of,  363.                                      ^^^^H 

L tectuique   of,    in    non-suppuntiv« 

ext«ma]  bromorrha^ic,  363.                         ^^^^^M 

^^K              cues,  S02. 

treatment  of,  266.                                ^^^^^^H 

^^0            in  suppuntive  cmw,  $16. 

media,  acute  caLarrhal,  337.                    ^^^^^^H 

^             vnliie  nf.  5?I,  531. 

iKtiiikiKy  of.  337.                                  ^^^^^H 

Ossilication  or  the  auride,  304.. 

diaintosis  of.  332.                                           ^^^^H 

Osteitis,  raidyiog,  of  the  labyrinlhinr 

functional  examination,  334.                  ^^^^H 

utpaule  an  otoedeiosiB,  382. 

phyaotl  cxnniinntion,  332.                     ^^^^^ 

Oitnunn,  34,  58. 

elevation  of  temperature  in,  330.             ^^^^| 

Othtcnutomn  nf  auricle,  903. 

pathology  of,  328.                                      ^^^^| 

treatment  of,  303, 

bacteria  in  aural  discharcca,  33S.             ^^^^H 

Otic  i:a.ni:liijn,  31.  33- 

pnignosis        334.<                                          ^^^^| 

Olitic  mcningiiis,  463. 

iii6iicQccd  by  bacteriological  in-             ^^^^| 

diftgnoais  oT,  46$. 

vesUsation,  335.                                  ^^^H 

clioked  <Iuk,  465. 

tymptomaUilogy  of,  339.                           ^^^^H 

prugnosis  of,  466. 

in  adults,  329.                                         ^^^^H 

seroHi  inenm|i;itii:,  463,  464,  465. 

in  children,  330.                                      ^^^^H 

symptonjalology  of,  464, 

trcntmnnt  of,  33^1.                                      ^^^^H 

diokeJ  disk,  464. 

uvcmity  for  iniision,  337.                      ^^^^H 

treatment  of,  466. 

n-ticf  nf  jxiin,  336.                                  ^^^^H 

interna]  meclication,  466. 

removal  of  diacharice,  J37.                      ^^^^H 

migical  trottrncnt  nf,  466.  579. 

ttse  of  i]i>iai<«,  336.                                     ^^^^^ 

Otitis.acutccircum£cribcilexternal,  217. 

molia,  anitv  purulent,  341.                           ^^^^| 

a-tioloju*  of,  217. 

irtiology  of,  341.                                             ^^^^^ 

riiagnosis  nf,  3>i. 

din^acU  of.  34f>,                                            ^^^^^^ 

eaI&rE«mcnt  of  cervical  £landa  in, 

ftinctional  cxaniinaUon,  347.                  ^^^^| 

33(X 

physical  cxamJoation,  346.                     ^^^^| 

patliology  of,  118. 

pathcJog>'  of.  343.                                      ^^^H 

pni^cisiii  of.  225. 

boctericiluKical  infcctinn,  343.                 ^^^H 

gymptomatology  of,  319. 

pTOEnwis  of,  348.                                                ^M 

treatment  uf,  22ft. 

symptomatology  of,  344.                                        ^M 

acute  (liffiiM-  cxt^imal,  355. 

involvement     o(     inlrvcmnial                     ^M 

aetiology  of.  355. 

etnictiircs,  345.                                       ^^^H 

dinjpiosis  of,  256. 

trcatnicnl  of,  349.                                          ^^^^H 

pathology  of,  355. 

alx>rtive  treatment,  350,  351,                  ^^^^B 

prOKnoais  nf.  238. 

bIcioiUcttinK,  352.                                               ^H 

^^^B             symptomataloKy  of,  156. 

cxulioTuit    Kranulatioa    tissue,            ^^^^H 

^^H            treatment  of,  258. 

354-                                                     ^^^1 

^^^^          chrexiic  draimscriiic!  cmlcmal,  236. 

ice-coil  in  tnatmcnt,  331.                      ^^^^1 

W                 chronic  difTuae  external,  238. 

incision,  349.                                          ^^^^H 

1                     tetioloKY  of,  23«. 

indication  for  tue  of  powden,           ^^^^| 

1                     diagnoas  of,  344. 

^^H 

l>atlii)luK>-  (if,  239. 

prevention  of  mastoid  iavolve-             ^^^^| 

prognosis  of,  24>>. 

mcnl,  351.                                           ^^^H 

symptomatology  of,  242, 

secondary  niyringotomy,  354.                 ^^^^H 

treatment  of,  250. 

tedmiquc  of  imnsion  in,  349.                          ^^M 

clinnnic  parasitic  cxUmal,  339. 

media,  chronic  catarrbal,  357.                      ^^^^H 

Mttnna   cinninucripta   acuta,    317. 

media,  chroaie  eatorrhal,  hypcrpla^            ^^^^H 

S«    Otitis,    .\cijt«    Ciscwm- 

'ic.  379.                                                  ^^M 

SCRIBKD  EXIERNJU,,  317. 

Ectiology  of,  379.                                               ^^^ 
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Otitis  media,  chronic  catarrhal,  aetiol- 
ogy of,  influence  of  sex,  380. 

simultaneous    involvement    of 
both  ears,  380. 
diagnosis  of,  384. 
functional  examination,  386 

difference  in  audition  for  voice 
and  for  sharp  sotmds,  386. 

diflerential  diagnosis  from  oto- 
sclerosis, 387. 

estimation  of  degree  of  labyrin- 
thine involvement,  387. 
pathology  of,  380, 

changes  about  tympanic  fenes- 
trEB,  380. 

changes  in  tympanic  vault,  381. 

displacement  of  ossicular  chain, 
381. 

involvement  of  labyrinth,  381, 

otosclerosis,  rarefying  osteitis  of 
the  labyrinthine  capsule,  382. 
physical  examination,  384. 

appearance  of  membrana  flac- 
cida,  385. 

atrophy  of  membrana  tympani, 

384- 

calcific  deposits  in  drum  mem- 
brane, 385. 

intratympanic    adhesions,    385. 
rotation  of  ossicles,  377. 
prognosis  of,  388, 
symptomatology  of,  382. 

auditory  fatigue,  383. 

disappearance  of  tinnitus  in  late 
stages,  384. 

effect  on  mental  conditions,  383. 

pain,  382. 

tinnitus,  382. 

vertigo,  382. 
treatment  of,  389, 

internal  medication,  394. 

pilocarpine,  394. 

potassium   iodide  in  beginning 
otosclerosis,  395. 

surgical  measures,  392. 
division  of  adhesions,  392, 
exploratory  myringotomy,392. 

vibratory  massage,  391, 
value  of  inflation,  389. 
value  of  passive  motion  and  mas- 
sage, 389. 

Hommel's  method,  390. 

pncumo- massage,  390. 

pressure  sound,  391. 
media,     chronic    catarrhal,    hyper- 
trophic, 358. 


Otitis  media,  chronic  catmrhal,  hyper- 
trophic ietiology  of,  358. 
heredity,  359. 
diagnosis  of,  364. 

functional  examination,  368. 

physical  examination,  364. 
pathology  of,  360. 

change  to  hyperplastic  form,  361 . 

effect  on  labyrinth,  36^: 

structural  changes  produced,  360. 
prognosis  of,  369. 

influence  of  the  nose  and  the 
naso-pharynx  upon,  369. 
symptomatology  of,  362. 

impairment  of  audition,  362. 

pharyngeal  pain,  363. 

tinnitus,  362. 

vertigo,  363. 
treatment  of,  370. 

electrolytic  method,  373. 

Eustachian  tube,  371. 

incision  of  membrana  tympani, 

375. 
■    injection  of  fluids,  374,  377. 
injection  of  medicated  vapors, 

377- 

mechanical  support  of  ossicles, 
378. 

passive  motion,  378. 

removal  of  difusion,  374. 

sui^ical  measures,  378, 

tenotomyof  tensor  tympani,  376. 

tympanum,  374. 

upper  air  pass^es,  370. 

value  of  permanent  opening  in 
membrana  tympani,  379. 
media,  chronic  catarrhal,  inflamma- 
tion of  labyrinth  in,  617 
media,  chronic  purulent,  397. 
aitiology  of,  397. 

diathetic  conditions,  397. 
diagnosis  of,  405. 

auscultatory  signs,  409. 

determination    of    presence    or 
absence  of  ossicula,  408. 

examination  of  upper  and  pos- 
terior quadrant,  408, 

functional  examination,  410. 

physical  examination,  405. 

value  of  probe  in  diagnosis,  407. 

various  otoscopic  appearances, 

405.  406. 
pathology  of,  397. 
caries  of  ossicles,  398. 
4  cerebellar  abscess  in,  400. 

[  cholesteatoma,  401. 


r         Otitis  mHiii,  chronic  punilpnt,  pnthnl- 

Otitis  media,  chronic  punilcnt,  sta- 

^ 

^^^                 ogy  of.  cbolcstcaloma,  aculc 

tistics  of  operation.  425. 

^^1 

I^^L                 iiympli)Tn«  ful lowing;,  403. 

treatment  of,  iiMCuf  antringents. 

^^1 

^^V            pxlvnsion  nf  jiunibnl  inflamnu- 

41S. 

^^1 

tioD  lo  Inhyrimh,  400. 

valueof  interna!  mpdication, 435, 

^^1 

1  -                    frequent  jnvolvciDCTit  oJ  incus, 

value  of  powders,  414,  413. 

^H 

I"                       ,    398. 

media,  <;hr<jni<;  non-suppuralive,  in- 

^^1 

t                    involvement  of  minnlininii  tym- 

Anmmntiim  of  Inbyrinth  in,  635. 

^^^H 

■                          pani,  3C)8, 

Sec  I-ADVaiNlH,  635. 

^^^^H 

I                      l.ibyrinlliine  in%-olvcment,  399. 

mcilia,  chniiiir.  Mipiiunitive.  inflam* 

^^^^H 

iTi;ixiotfl  invQlvcmcnt,  400.  401. 

mation   of   labyrinth   in,   635. 

^^^^B 

mciiinfiitiE  in.  400. 

See  I,ABVRlNTn,  635. 

^^^^^ 

result  of  previous  cAtArrhsI  in- 

media,  intracTaniAl  complications  of, 

^^^^M 

flamnuition.  M?. 

.4M- 

^^^^H 

proKnt^ia  of,  410. 

media  punilcnta,  treatment  of  men- 

^^^^H 

fiLctors    rlctcrmining    probaWc 

ingitis  in,  5A3. 

^^^^H 

^^^L               rdicf  of  oUmhceh,  411. 

media    piinilenta    chrnnicJi,     ax    a 

^^^^H 

^^^P           itnporlanccof  chronic  otorrhoea. 

cause  of  cerebellar  abscess,  476. 

^^^^H 

^                4... 

eerefcral  abscess,  473. 

^^^^H 

f                      valxK  of  phynicnl  npiMuirnnccs  in 

exlndural  abscess.  471. 

^^^^H 

determining  improvcmont  in 

■sinus  thrombcMB,  466. 

^^^^H 

huarins,  4I1. 

media  purulentn  residua,  43&. 

^^^^H 

sympUimat'jlog)'  •*'•  40>- 

acute  cases,  436. 

^^^^H 

dcvdopmcnl  of  auraS  (wlypi  in. 

a:li(>!oK>-  nf.  436, 

^^^^H 

404. 

(tiagniKsis  of,  428. 

^^^^H 

evidences    of   labyrinthine    in- 

patholojry  of.  436. 

^^^^H 

volvemenl.  405. 

develuiiment  of  granulation  tis- 

^^^^H 

f until  parnlync,  40 j. 

sue.  437. 

^^^^H 

intcTTnittenco  of  Hiseharge,  403, 

infection  of  serouj  di5char;f;e  in 

^^^^H 

prvscncv  of  KranuLition  tissue, 

canal,  427. 

^^^^H 

404- 

physical  examination,  42S. 

^^^^H 

Mocmtlary  infection  of  connl,  403. 

jniiK'KKis  of,  429, 

^^^H 

trcfttTnmt  of,  41 2. 

danKcr   of    resulting    purulent 

^^^^H 

after  removal  of  cnriouK  tione. 

condition,  439. 

^^^^1 

^K               433.  43^ 

5ympt<ttnfHoliigy  (if,  497, 

^^^^H 

^^H            artificial  protection  of  mucous 

facial  paml^'siK.  43S. 

^^^^H 

^^^1                 metnbmne  of  miilille  cnr,  419. 

treatment  of,  43a. 

^^^^1 

^^^            atiral  polypi,  rmiuvol  of,  416- 

incision  on  acute  cases,  431, 433. 

^^^H 

^^                4'7- 

imciilion,  430, 

^^^^M 

P                    cholesteatoma,  434. 

prevention  of  mastoid  involve- 

^^^^1 

cleansing    of    tympanic   vaiill. 

ment,  431. 

^^^H 

418.  419. 

upper  air  passages,  430, 

^^^^H 

^^^K             dermoid  tranaformaticin  of  tym- 

use  of  astrinsenls,  43a 

,^^^^H 

^^^B                 linnic  Tttumui!;  memliranc,  423. 

media    pumlcntA    residua,    chronic 

^^^^1 

^^^            effect  of  treatjncnt  on  auditioa, 

coses,  432. 

^^^^H 

f                          43»- 

diaKnosis  of,  436, 

^^^H 

granulation  tissue.  416. 

evidences  of  socofutary  labyrin- 

^^^^H 

fanportuice  of  lliorotixh  dcnns- 

thine  involvement,  437. 

^^^^H 

niK  of  canal,  413. 

functional  oxami nation,  43Q. 

^^^^H 

Impoftasce    ct    treatment    of 

pliysiraii  examitiatton,  436. 

.  ^^^H 

upper  nir  powiagGC,  414. 

reeognition  of  slight  discharge, 

^^^^B 

mucous   membrane  of   middle 

4M- 

^H 

CM.  413- 

potholosy  of,  433. 

^1 

pm-cntion  of  growth  of  aspcr- 

prognQsis  of.  437. 

^H 

gillua.  417.  41a 

spontancoiis  imprrtvemenl,  4Jft, 

^H 

rcmnval  irf  diwasrd  bone.  42O1 

symptomatology  of,  435. 

• 

J 
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Otitis  media  pumlenta  residua,  symp- 
tomatology of,    development 
of  cholesteatoma,  435. 
facial  neuralgia,  436. 
persistent  pain    over    mastoid, 

436- 
treatment  of,  438. 
Eustachian  tube,  438. 
hypertrophic  conditions,  439. 
importance   of   hygienic   meas- 
ures, 438. 
internal  medication  with  pilo- 
carpine, 441. 
mobilization  of  stapes,  440. 
relief  of  tension  about  round 

window,  441. 
relief  of  tension  anomalies,  439. 
stapedectomy,  440. 
value  of  artificia]  drum  mem- 
brane, 440. 
media  sclerotica,  433. 
media  serosa,  317.      See  TuflOTVM- 

PANic  Congestion,  317. 
media,  subacute,  317.     See  TuBO- 
TYMPANic  Congestion,  317. 
Otoliths,  the,  40. 
function  of,  60. 
Otomycosis,  242. 
Otorrhoea,  chronic,  546. 
danger  of  infection  in,  546. 
operative  procedures,  546, 
accidents  during,  561, 
exposure  of  dura,  561. 
exposure  of  lateral  sinus,  562. 
injury  to  facial  nerve,  561. 
perichondritis  of  auride,  563, 
author's  metliod,  550, 
Ballance's  incision,  547. 
Bergmann's  method,  546. 
dressing  wound,  560. 

avoidance  of  foul  odor,  560. 
Kiister's  method,  546. 
lining  of  cavity  with  flaps,  552. 
author's  modification  of  Stacke's 

method,  555-557- 
Bal lance's  modification,  554. 
closure  of  wound,  556. 
Jansen's  modification,  554. 
Koerner's  modification,  553. 
Pause's  modification,  553. 
pennancnt  opening  left  behind 

ear,  557. 
Stacke's  method,  552. 
Tiersch,  55S.  559. 
precautions  to  be  observed,  550, 
551- 


Otorrhcea,  drnmic,  operative  proced- 
ures,  removal  of  external  vfsll 
of  tympanic  vault,  549. 
results  following   operaticm,  560- 

561. 
secondary  operation,  561. 
Stacke's  operation,  547. 
Stacke-Schwartze  operation,  547, 
technique  of,  547, 
Otosderosis,  potassium  iodide  in,  395. 
Otoscope,  of  Siesel,  392. 
the  interference,  165. 
the  pneumatic,  101. 
demonstration    of    anomalies    in 
tension  of  intratympanic  liga- 
ments, 367. 
Otoscopy,  ot^tades  to,  95. 

technique  of,  96. 
Oval  window,  the,  12. 
Overpointing,  611. 
is  horinrntal  plane,  608. 
in  vertical  plane,  607,  608. 
in  lower  extremities,  608. 
experiments  in,  607,  608. 
after  rotation,  608. 
Overstimulation  of  auditory  nerve,  7a 
Overtones,  49. 

Panotitis,  646. 
Panse,  553. 

Paraffin  injection  for  defoTmity  fol- 
lowing mastoid  operation,  543. 
Papilla  acustica,  41. 
Papilloma  of  the  auricle,  21  a. 
Paracusis  Willisii,  642,  663. 
Paresthesia  acustica,  71. 
Parasitic  external  otitis,  289. 
Parotid  gland,  secondary  involvement 

of,  in  external  otitis,  220. 
Parotiditis,    involvonent    of    internal 
ear  in,  656. 
simulating  otitis  externa,  225. 
Partial  myringotomy,  490. 
Passow,  557. 
Pelvis  ovalis,  the,  12. 
Pemphigus  of  auricle,  193. 
Perceptive  mechanism,  diseases  of,  597. 
mechanism,    effect    of    diseases   of 
general  nervous  system  on,  666. 
mechanism,  involvement  erf,  in  acute 
infectious  diseases,  654. 
di  gnosis  of,  655. 
pathology  of,  654. 
prognosis  of,  655. 
symptomatology  of,  653-655, 
treatment  of,  655 


W          Perceptive    ino^iaBiBilt   iD^xlvcIncnt  t  Politzcmation,  vzliie  of,  aa  cfun^mittl              ^^^^| 

^^^               of,  in  acute  meoiogitis,  66i. 

with  eathcteriiation.  130.                        ^^^^1 

^^^L          ili.iKnosiit  of,  functional  eiuuiimffl' 

Polyotia,  tSo.                                                           ^^H 

^^^H              tioi),  663. 

Polypi,  nural,  404.                                                     ^^M 

^^^1          pathrilitjty  '*U  Ml- 

remm-al  of,  416.  417.                                                  ^^M 

^^^r          pfognoeU  of,  664. 

tr<yitmcnt  o(,  354,  355.                                        ^^^B 

W                 syaipUnaa.uiiogy  of,  6fil. 

Pomervy,  las,  154,  365,  493-                             ^^^1 

n                  trcatnicnt  of,  664. 

Pomcroy's  faucial  catheter.  125.                        ^^^^H 

mechanism.  si};ns  of  involvement  of, 

Position  of  the  membrona  tympani,  93.              ^^^^H 

15s- 

infancy,  04.                                                     ^^^^^H 

Pcrichondritls  of  the  auricle,  1S4,  wo, 

Posterior,  auric;ular  artery,  29-                    ^^^^^^| 

563- 

^^^^^^1 

trcfttment  of,  1 85. 

tnciAion  of,  492-                                         ^^^^^H 

Pctro- snip jago-staphylintu  muscle,  the. 

supernumerary,  363.                                       ^^^^H 

XS. 

ligament  of  ihc  incus,  18.                               ^^^^H 

Pctm-aqiiamoua  suture,  the,  ta. 

of  ilie  malleus,  16.                                       ^^^^H 

Petrosal  arttiry,  the  superficial,  29. 

wall  of  the  tympamim,  13.                             ^^^^H 

ntrvM,  the,  33. 

Powders,  ii^e  of.  La  otorrlia.'a.  356,  414.                ^^^^H 

Petrous  portion  of  temiMml  bone,  ri. 

Prti^Eimtion  of  tieljl  in  middle-car  op<               ^^^^H 

PflogiT,  179. 

erationa,  483.                                          ^^^^H 

Pliaryageal  jounds,  iiS, 

Preuing,  300-                                            ^^^^^| 

tonsil,  hypertrophy  of,  709. 

Pressure  of  &pinal  fluid,  582.                        ^^^^^^| 

treatment  of,  711, 

increu.-wl  in  inentngitiA,  383.                         ^^^^^H 

vitult,  ilticitit'  examination  of,  133. 

"Prize-fightcr'scar."  164.                                    ^^^H 

Pharynx,  examination  of.  132. 

Probe.  valu«of,  in  examination,  lOO.                   ^^^^H 

PhoiioKrapli.  as  a  trat  of  audition,  145. 

Procoss,  the  auditory,  8.                                     ^^^^H 

Phonometer,  the.  147. 

the  caudate,  3.                                                ^^^^H 

Physical  examination  of  the  eoj-j  73. 

the  homular,  3G.                                             ^^^^H 

sources  of  light  (or,  76, 

Processus  cochiearifoTmis,  the,  13.                     ^^^^H 

tochniiiue  of,  83, 

folinnus,  the,  16.                                             ^^^^H 

PIiysicjloKj'  of  K>r.  48- 

gracilis,  the,  16.                                                    ^^^^^| 

Pilocarpine,  use  of,  in  ehranic  catar- 

tnmit:ul.irii>, the,                                                   ^^^^H 

rhal  otitiK  melin.  394. 

l^muntnry,  the,  12,  98.                                    ^^^^H 

use  of,  in  primary  lab/hnihine  af- 

IMissuk. 6bres  of,  23.                                         ^^^^H 

fections,  624,  61H,  630,  633. 

space  of,                                                                 ^^^^^1 

use  of,  in  secondary  labyriattuae  ia- 

Ptcrygo- palatine  artoiy,  the,  30.                        ^^^^| 

volvcment,  64^ 

Puncture,  lumbar,  581,  58a,  583.                         ^^^H 

Piniui,  the,  4. 

Pundcnt  inflammation  of  the  middle               ^^^^| 

Plexus,  the  tympanic,  32. 

car,    acute,    341.     See   Oirris               ^^^^| 

nicotiimy,  493. 

Mbuia,  Acutb  PvRULBrrr,  341.               ^^^^| 

Pneumatic  mastoid,  442. 

t^milent  inilammation  of  the  middle              ^^^^| 

iqjoeulum.  use  of,  101. 

ear,clircnic,397.  SwOTinsMs*               ^^^^| 

l>ncumog(utnc  nerve,  auricular  branch 

DIA,  Caaomc  PtIBULRKT,  397.                     ^^^H 

of,  31. 

Pyramid,  the,  28;  anterior,  Uie,  27.                  ^^^^| 

Pockets  of  the  mcmbrHna  lympani,  24. 

^^^^M 

Poliucr.  6,  24.  a-i.  54.  H  67,  104.  143. 

Quatlrants  of  niemfirana  tympani,  97.               ^^^^H 

365. 3*6. 363. 391. 395.  444, 445. 

Qualitative  tests  for  hi-arine,  146.                      ^^^^H 

40'.  4')5.  ^t^^.  {>35.  <x)7- 

Quantitative  te&ts  for  hearing,  143-                    ^^^^| 

PolitKcr's  ncoumcier,  143. 

Quincke.  463,  J8i.                                                    ^^^^| 

b«B,  104.  105. 

Quincke's  lumbar  puncttirc,  581.                        ^^^^^ 

Politxer'B  method  for  maintoiolag  09X- 

^^^^1 

ativc  pressure  in  meatus,  391. 

Radical  operation  for  chronic  gtorrboca,                       ^M 

Politaorixation,  method  o(  v>*»^oniiiniE, 

&*c.                                                   ■ 

104. 

stntistics  of,  423,  560.                                             ^H 

value  of,  as  a  diagnostic  measure. 

Radiograph,  value  of,  in  mastoiditis,               ^^^^M 

131. 

458.                                                           ^^H 
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Randall,  97,  445. 
Rathke,  14. 

Receptive  mechanism,  the,  33. 
Recessus  ellipticus,  35. 
epitympanicus,  13. 
of  Cutogno,  38. 
sphericus,  35. 
Reduplication    of    tympanic    mucous 

membrane,  23-26. 
Reflecting  mirror,  the,  78. 
focal  length  of,  80. 
size  of,  80. 
Reflex  aural  disturbances,  67,  688. 
diagnosis  of,  69I. 
prognosis  of,  691. 
treatment  of,  691. 
Reinhardt,  557. 
Reissner,  membrane  of,  37. 
Relation    of    mastoid    to    intracranial 

structures,  444. 
Removal  of  incus,  506,  507. 
of  malleus,  505. 
of  ossicles,  501. 
technique  of,  502. 

in  middle-ear  suppuration,  516. 
of  portion  of  tympanic  ring,  505. 
of  stapes,  508. 
Reproduction  of  membrana  tympani 

after  removal,  513. 
Reticular  membrane,  43. 
Retraction  of  membrana  tympani,  evi- 
dences of,  94. 
Retrahens  aurcm,  27. 
Rheumatism,  aural  complications  in, 

677. 
Rhinitis,  atrophic,  706. 
signs  of,  136,  706. 
treatment  of,  707. 
hypertrophic,  700. 
signs  of,  135,  701. 
treatment  of,  703. 
Rhinoscopy,  posterior,  method  of,  137. 
Richards,  86. 
Ring,  the  tympanic,  8. 
Rinne,  152. 
Rinne's  test,  152. 

variations  in,  with  tuning  forks  of 
various  pitch,  153. 
Rivinian  fissure,  the,  92. 
notch,  the,  92. 
segment,  the,  22,  92. 
Rods  of  Corti,  41. 
function  of,  59. 
of  Konig,  150. 
Rohrer,  163. 
Roscnmiillcr,  fossa  of,  138. 


Rotating  chair,  609. 
Rotation,  integrity  of  lesions  of  com- 
municating fibers  within  brain 
determined  by,  608. 
integrity  of  lesions  of  trunk  deter- 
mined by,  608. 
integrity  of  lesions  of  semicirciilar 

canals  determined  by,  608. 
int^rity    of    lesions    oi    vestibular 

nerve  determined  by,  608. 
tests,  in  cases  of  tumor  of  poms 
acusticus,  616. 
Round  window,  the,  12. 
position  of,  98. 
relief  of  tension  at,  441. 
Rfldinger,  38. 
Rupture  of  the  membrana  tympam,393. 

Saccule,  the,  35,  38. 

Salpingitis,   acute,  304.     See  Busta- 

CRIANTUBB,  C«»GKSTIONOF,304. 

Salpingo-pharyngeus  muscle,  the,  28. 
Salvarsan,   use  of,  in  specific  inflam- 
mation of  Uie  labyrinth,  633. 
Santorini,  incisures  of,  7. 
Sappey,  24, 

Sarcoma  of  the  auricle,  216 
Satyr  ear,  the,  174. 
Scala  media,  the,  37,  40. 

tympaoi,  36- 

vestibuli,  36. 
Scaphoid  fossa,  the,  5. 
Scarificator,  Bacon's,  227. 

the  author's,  228. 
Schimmelbusch,  218 
Schmiegelow,  524. 
Schroeder,  527. 
Schubert,  174. 
Schwabach,  154. 
Schwartze,  364,  462,  493,  501. 
Schwartze-Stacke  operation,  546,  547. 
Sclerotic  mastoid,  443, 
Secondary  aural  affections,  68. 

inflammation  of  labyrinth,  635. 
Segment,  the  Rivinian,  22,  92. 
Sella  inaidis,  17. 
Semicircular  canals,  35,  601. 

ampulla:  of,  601. 

functions  of,  60,  60I. 

horizontal,  12,  602. 

position  of,  in  three  planes  of  body, 
601. 
method  of  illustrating  tor  purposes 
of  demonstration,  60T. 
position  of  arms  in  horizontal 
system,  603. 


^^^B                                     ctoe^^^^^^^^^tS^^^^^ 

Specific    inHAmmntion    of    [iibyrinth,              ^^^^H 

^^^^               Ume  planea  of  body,  position 

salvnr±an  in,  6;] 3.                                    ^^^^H 

^^^1               ol    arms    in   superior    ityxuni. 

IrcHtrnciU  of,  6^3.                                             ^^H 

^^               602. 

See   I^AnvKiMii,   Specific   In-                     ^H 

W                      position  of  hands,  603. 

FLAUMATtOK  OT,  63I.                                                       ^H 

■               posterior  system  of,  603. 

specula,  sural.  83.                                                     ^^M 

■               su|}«ri(ir  Kysum  of,  602. 

S])eL-ii1it[ii.  )inLtim:itie,  uxe  at,  ini.                               ^^M 

^^^     Serous  meningitis.  46^. 

Spheno~snlpin£o-sl3phyIinuK     muscle,                ^^^H 

^H     Scxtar,  $1$. 

^^^1 

^V     Short  process  of  miUlcus,  positior  of. 

Spina  tympanica  itatenor,  8.                     ^^^^^^| 

90. 

major,                                                       ^^^^^^H 

Shrapadl's  mcmbianv,  appconuico  of. 

^^^^^^H 

92. 

posterior,                                                        "^^^^^ 

K(;benmann.  44,  G),  64,  144.  161,  251. 

Spinal  fluiil,cytotn2icalcxiuiiinatlonuf,              ^^^^^ 

Sitajd'fi  otoscope,  389,  391,  393. 

inmcnineitis,  s^'-                                    ^^^^| 

Signs  of  lesion  of  conducting   mech- 

examination  of.  in  meningitis,  587.              ^^^^^ 

nnicn),  154. 

norma)  preswure  of,  jK2.                                   ^^^^H 

of  piMtTiptivc  mccliiuiism,  155. 

incTMsed  in  otitic  meningitis,  583.                    ^^^^^ 

Sinutf,  lutctail,  445. 

Spinum  supra  incalum,  the,  9-                              ^^^^| 

anomalies  in  position  of,  445. 

Spontaneous  nystagmus,  616.                                ^^^^^| 

^nua  thnunboais,  466,  471. 

Stacke;  513.  S26,  S47.  549.  55^-                            ^^^| 

iliagnmix  of.  468.  575. 

Stackc's  operation,  525.                                     ^^^^H 

^^^K           cho'ko'l  ilisk,  469. 

author's  moditicalion  of.  526.                           ^^^^^| 

^^^1           «X|)loritiiMi  of  fiinus.  571,  572. 

Stuc-kc-Seliwnrtzc,  54b,  547.                                   ^^^^H 

^^^1                nuc«Kity  for  lu^^ptnt.  571. 

opaation,  547.                                                ^^^H 

^^^1            <nt|tloralory  indiiiun.  573. 

author's  raodificatton  of,  5SO-SS7-              ^^^^| 

^^^1           exploratory  puncture,  372. 

Janscn's  modificatioo  of,  550, 553.              ^^^^| 

^^V           extension  of  tliromboeis  into  in- 

Pansc'a  modification  of,  553.                      ^^^^M 

W                      ttmal  jiisiiLiir  vein,  574. 

Koemer'9  modification  u(,  553*                   ^^^^| 

^^^            Keneral  condition  of  pati^t,  469. 

Tiersch  KraftinK  in  operation,  au-              ^^^^| 

^^H            importJince  of  frequent  tempera- 

thDr*s  tnetliod,  559.                                  ^^^^^ 

^^V                ture  ubservations,  469. 

Stapedectomy,  537.                                            ^^^^| 

involvoment  of  cervical  lymphat- 

when  mcmbmnn  tymparu  is  intact,              ^^^^| 

io»,469- 

537-                                                          ^^H 

raluc  of  blood  cultuit  in,  470. 

when   nicmlirana   tympani   is  par-              ^^^^H 

pniKaosis  of,  4701. 

tially  (listtniyeil.  328.                                  ^^^^| 

KUitisttci  of,  470.  578. 

Stapedio- vestibular  liKiuncnt.  the,  19.                 ^^^^H 

symptontatolo^  of,  467. 

Stapedius  muscle,  the,  13,  38.                            ^^^^H 

conslitutional     syniptunu,     467. 

tlivtcion  of,  496.                                                   ^^^^^1 

46K. 

function  of,  55.                                                    ^^^^^H 

rigors,  468. 

Stapes,  the,  17.                                                   ^^^H 

treatment  of,  470,  576. 

ligaments  of,  19.                                                           ^H 

operative.  576. 

mubiliiutlion  of,  498.                                                ^H 

after- truitment,  S7ft. 

movcmenL  of,  33.                                                    ^^ 

value  of  blood  culture  in,  47a 

plastic  opcmtion  to  unite  to  mem-                      ^M 

Sinus  tyniiianiais,  the,  12. 

brjna  tympani  directly,  5uo.                          ^H 

Sound,  (Icfinitiim  o(,  48. 

removal  at,  510.                                                      ^H 

intennly  of,  48. 

Static  labyrinth,  61a                                           ^^^| 

pitch  of,  48. 

absolute  or  partial  destruction  of.              ^^^^M 

SoMnd*.  auscultatory,  1 1^ 

614-                                                         ^^M 

pharynKeal,  11& 

metliixl   of   dctcrraininK  by  pro-             ^^^^H 

tubal,  116. 

ducing  nystngniiis.  614.                              ^^^^^| 

tympanic.  114,  116. 

compensation  of,  61 1.  612.                             ^^^^^ 

Special  sense,  a  tiixth,  61 

dmil.  611.                                                       ^^^H 

Sjxctfic    influinmation   of    labyrinth, 

degree  of  irritability  to  caloric  stira-              ^^^H 

631. 

ulation.  613.                                             ^^^^| 
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Static  labyrinth,  diseased,  6io,  6ii. 
nystagmus  in,  6it. 
duration  of,  6ii. 
symptoms  of,  61 1, 
tesU  of.  611,  6ia. 
Barany,  612. 

caloric,  61  a. 
double  caloric  test  for  determining 

irritability  of,  614. 
examination  of,  601. 
tests  for,  612. 
SteinLmegge,  160. 
Stetter,  174. 

Strychnine,  value  of,  395, 
Sulcus  lamime  spiralis,  36. 

tympanicus,  8. 
Superficial  petrosal  artery,  the,  29. 

temporal  artery,  the,  29. 
Superior  semicircular  canal,   rotation 
of,  609. 
nystagmus  in,  609. 
Suppuration,  aural,  surgical  treatment 
of  intracranial  complications  of, 

569. 
Suppuration    of    middle    ear,    acute, 
341.    See  Otitis  Media,  Acute 
PuHUi-KNT,  341. 
chronic,  397.     See  Otitis  Media, 
Chronic  Purulent,  397. 
Suppurative    labyrinthitis,   Neumann 

operation  for,  651. 
Suppurative    otitis    media,    cerebellar 
abscess  in,  476. 
cerebral  abscess  in,  472, 
extradural  abscess  in,  471. 
Surgical     treatment     of     intracranial 
complications   ot  aural   suppu- 
ration, 569. 
Suture,  the  mastoid  squamous,  11. 

the  pet ro- squamous,  12. 
Sympathetic  action  of   auditory   ap- 
paratus, 160,  170. 
aural  disturbances,  66. 
inflammation  of  labyrinth,  621, 
Symptoms,    of   diseased   static   laby- 
rinth, 611. 
Syphilis  of  auricle,  195. 
of  labyrinth,  631,     See  Labyrinth, 
Specific  '  Inflammation     of, 
631. 
Syringing  the  ear,  614. 
as  test  for  dead  or  diseased  laby- 
rinth, 614. 
Snenes,  175. 

Taylor,  196. 


Technique  of  functional  examination 
151- 

<d  physical  examination,  S3. 
Telephone,  as  artilida]  aid  to  hearing, 

714- 
Temperature  in  cerebral  abscess,  474. 

in  sinus  thrombosis,  468. 
Temporal  bone,  7,  8. 

development  of,  7. 

petro-mastoid  portion,  11. 

squamous  portion,  9. 
Tenotomy  of  stsqiedius  muscle,  496. 

of  tensor- tjmipani  muscle,  376,  492. 
TensOT  palati  muscle,  28. 

tympani  muscle,  13,  27. 
function  of,  55. 

tenotomy  of,  376,  492. 
Tests,  Bing's,  162. 

Eitelberg's,  164. 

GelM's,  163. 

Gradenigo's,  164. 

of  hearing,  method  of  conducting, 

147. 
qualitative,  148. 
value  frf  continuous   series  <rf 
musical  notes  in,  150. 
quantitative,  142,  145. 
value  of  phonograph,  145. 
value  of  whisper,  144. 
Rinne'%  152. 
Schwabach's,  154- 
Weber's,  151. 
Teutleuben,  24. 
Thickening  of  the  lobule,  204, 
Tiersch  grafting  in  radical  operation 
for  chronic  otorrhea,  558,  559. 
Third  tonsil,  hypertrophy  of,  709, 

treatment  of,  711. 
Thrombosis,    labyrinthine,    629.      See 
Labvrinthinb   Embolisu  At'D 
Throubosis,  629. 
of    lateral    sinus,    466,    571.      See 
Sinus  Thrombosis,  466,  571. 
treatment  of,  571. 
Tone  limits  of  audition,  48. 
Tonsil,   pharyngeal,    hypertrophy  <rf, 
709. 
treatment  of,  711. 
Tonsils,  faucial,  371,  414. 
Topography  of  mastoid,  444. 

of  tympanum,  97. 
Toynbee,  644. 
Tragus,  the,  5. 

anomalies  of,  175. 
Trautmann's  operation  for  closure  of 
opening  behind  the  ear,  541. 


^^^P                                       I^^^^^^^^^^TS^^^^^I 

■            Tnatmcnt  of  congenital  occlusion  of 

TuiUB£  forks.  Hartnutim's,  158.                                ^H 

■                       cxtcmjil  auditory  mcatiu.  iBi. 

mclhwl  of  UMng.  158.                                                 ^^M 

>                oi     intracranial     coDiplications     of 

Tympanic  artery,  ihc,  tf.                                        ^^M 

iniil<l]ot!;ir  su|]|)u  ration,  569. 

bruit,  the  noTmal,  114.                                           ^^M 

of  malformations  of  the  ear,  177- 

cavity,  llie,  11.                                                              ^^M 

of   upper  air  pasiiages   ia  second- 

inflammation of,  intracranial  com-              ^^^^M 

ary,    inflanunatioa     of     laby- 

plications of,  463.                                    ^^^^H 

rinth,  645. 

mcmbmnc,  3i.                                                 ^^^^H 

Triquct,  lai. 

reprodnetton    of,    aftw   mmoval,              ^^^^M 

TnielUth,  pocket  of,  347- 

313.                                             ^^H 

Tnimpci,  ear,  715. 

Tubal  catarrh.  304. 

opening  of  Eustachian  tube,  13,  99.              ^^^^M 

congestion.  304. 

plexus,  i2.                                                      ^^^^M 

souods^  116. 

m«.  9-                                                        ^^^H 

Tube,  the  Eustachian,  19. 

removal  of  portion  of,  509.                         ^^^^| 

congestion  of,  304.    See  BuSTACtllAN 

sounds.  114,  1.16.                                             ^^^^H 
spine,                                                                      ^^^^H 

TUBB.  COKGKsnON  OF,  304. 

nuuclcs  of.  aS,  55. 

tbc  aatcfior,  9.                                            ^^^^M 

Tabcrculosis,   aural    involvement   In, 

the  (losteriur,  B.                                           ^^^^H 

676. 

^^^^1 

Tiihcmilum  amrtiaim.  46. 

development  ct,  14.                                     ^^^^| 

Tubotj-mijanii;    caL-irrli.    317.      See 

f(irRi.-iiion  of,  9.                                            ^^^^H 

Tt-'BO-TVMFAWIC       CtWCiBCTlOM, 

Tympanic  innammation,   intracranial               ^^^^^ 

.V7- 

complications  of,  463.                               ^^^^| 

TuliolymiHutic  conKCStion.  317- 

Tympanum,  floor  o(  the,  13.                               ^^^H 

fl3tioloi:y  of,  317- 

doMBcancas  in,  13.                                       ^^^^H 

diagnosis  of,  .119. 

inflalioD  of,  102.                                              ^^^^H 

^^            fiuictional  examination.  333. 

topoKraphy  of,  97-                                       ^^^^| 

^^H          fbyocai  nmnination.  319. 

Tyiilioiil  fever,  involvement  of  internal              ^^^^H 

^^V              evideaoes  of  fluid  in  tympanuii]. 

car                                                            ^^^^1 

W               yo,  311. 

Ty[ihui  fever,  involvement  of  intcmiU              ^^^^H 

■              [latliolog/  of,  J17. 

car  in,                                                       ^^^^1 

pTQgpOtU  of,  332. 

^^^^H 

syraptomataEo^  of,  3 1  &. 

Umbo,  the,                                                    ^^^^| 

IrwiUnenl  of.  323. 

Upper  air  pasjutgcs,  treatment  of,  in              ^^^^| 

,                    evacuation  of  effusion  by  incision. 

seoonctary  iiiliaitiiiiiitioii  of  luby*              ^^^^| 

335. 

rinth.  645.                                                         ^^ 

cviu-iiution  of  efluuon  hy  infla- 

Cone   limit,    effect    of    middle-ea;                ^^^H 

tion,  314. 

chnnges  upon,  368.                                      ^^^^| 

int«nuJ  rctnetlies,  jl^ 

tone  limit,  lowering  of,  by  middle-              ^^^^| 

removal  at  adenoid  Erowths,  316. 

car  comliliuns,  161.                                 ^^^^| 

removal  of  faiwial  tonsts,  316. 

Urtontschitsch,   14,  66,  69,  71,   109,              ^^^^| 

Tubo-lympaniti«,    317-      See    TuBo- 

(45.  >59.  ifiQ.  179.  218.                              ^^H 

TVMPANIC  C0KC8«T10>I.  3I7. 

Utricle,  the,  35,  38.                                             ^^^H 

Tumor,  of  the  cerebello- pontine  angle. 

^^^^H 

615. 

Vagu«,  nuriailar  branch  of.  31.                          ^^^H 

oalonc  test  in,  61G. 

Valsalva'8  method  of   iaflatioa,   l6t,               ^^^H 

diagnosii  by  t«ta  of  tbc  ciiclith 

430-                                                           ^^^1 

ncn,'c,  615. 

Value  of  strychnine,  395.                                    ^^^^1 

of  the  eighth  nerve  In  the  porus 

of  powdenn  in  uton-hira.  3s6,  414.                  ^^^^| 

ncusticus  intcmus,  615. 

Vaporiier.  author's.  mtd<llc-car,  315.                         ^H 

galvanic  lest  in,  616. 

Vault  of  the  tympanum,  the,  13.                         ^^^H 

rotation  icsu  in,  6i6l 

dev-e1i>|]ment  of,  14.                                             ^^^^H 

aae  of  X-ray  plata,  61& 

Vegetations,  aJenoid,  709.                                     ^^^^H 

T^imor*  of  tl)e  auricle,  benign,  306. 

treatment  of,  711.                                           ^^^^H 

malignant,  213. 

Vein,  tbo  internal  jugular,  13.                           ^^^^H 
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Veins  of  the  car,  anastomosis  of,  30. 
of  the  Eustachian  tube,  30. 
of  the  labyrinth,  44. 
Vertigo  following  inflation  of  tympa- 
num, 130. 
from  impacted  cerumen,  271. 
in    chronic    hyperplastic    catarrhal 

otitis  media,  382. 
in    chronic    hypertrophic    catarrhal 

otitis  media,  363. 
in  tubo-tympanic  congestion,  319. 
labyrinthine,  6oi. 
middle  car,  382. 

sudden  appearance  of  in  labyrinthine 
syphilis,  632. 
Vestibular  stimidation  elicited  by  mus- 
cular movements,  604. 
Vibratory  massage,  391, 
Vidian  artery,  the,  30, 

nerve,  the,  32. 
Vomiting  in  cerebral  abscess,  473. 
Von  Stein,  605. 

Wagenhauser,  174,  194. 
Walb,  381. 

Walking-stick  ear  tnunpet,  698. 
Weber,  154,  158. 


Wd>er,  F.  E.,  492. 
Wcber-Liel,  69,  376,  377,  493. 
Weber's  test,  151. 
Weil,  203. 
Wharton  Jones,  69. 
Whisper,  as  test  for  hearing,  144. 
Whistle,  the  Gallon,  [49. 
Whiting's  encephaloscope,  589,  59a 
Wilde's  incision,  353,  432,  461. 
Window,  the  oval,  13. 
the  round,  12. 

Wolff,  121. 

Wounds  of  the  auricle,  183. 

of  the  membrana  tympani,  291. 
Wredcn,  498. 

X-ray  plates,  use  in  cases  of  tumor  of 
poius  acustics,  616. 

Yearsley,  710. 

Zona  pectinata,  41. 

perforata,  41. 

tecta,  41. 
Zacker,  195. 
Zuckerkandl,  26,  30. 
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